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Preface 


Within Unesco’s programme to foster the improvement of 
science education at all levels, the promotion of the 
international exchange of ideas and information plays an 
important role. One of the means of achieving this 
exchange has been the publication of a series on The 
Teaching of Basic Sciences. For each of the individual 
sciences of mathematics, physics, chemistry and biology, 
as well as for integrated science, there have been two or 
more volumes entitled ‘New Trends in the Teaching of...” . 
These volumes were intended for all those concerned with 
improvements in the teaching of the science in question — 
teachers in universities and teacher training institutions, 
officials of ministries of education, secondary school 
teachers, students preparing to be science teachers, members 
of examination boards, school inspectors, science teachers’ 
associations, etc. 

In the past, the objective had been to publish one such 
volume in each field every two years. Each volume contained 
materials in more than one language — mostly English with 
some French. These volumes did not contain an analysis of 
trends but mainly consisted of a mixture of reprinted 
materials (e.g., summary report of important seminars and 
conferences, articles from leading journals), original articles 
and supplementary factual information. 

Although all volumes in the various fields have been well 
received it would seem even more useful and valuable : (a) 
to publish volumes containing actual analyses of trends and 
problems in various aspects of education in the science 
involved, as revealed by detailed analyses of the recent 
relevant literature ; (b) to print separate language versions of 
each publication (at least English, French and Spanish) ; 
and (c) to issue these publications in each discipline at the 
rate of one every four or five years. Volume IV of New 
Trends in Chemistry Teaching has been prepared in 
accordance with this new policy and therefore differs in 
content, but not in purpose, from the preceding three 
volumes in the set. 

As a first step in preparing this publication, the overall 
subject of the improvement of chemical education was 
tentatively divided into a number of topic areas which, 
taken together, covered all major aspects of chemical edu- 
cation. In collaboration with the Committee on the Teaching 


of Chemistry of the International Union of Pure and 
Applied Chemistry (IUPAC), its National Representatives 
and other leading specialists in chemical education, Unesco 
then produced a preliminary bibliography of the recent 
literature throughout the world on the improvement of 
chemical education. On the basis of this bibliography, and 
in consultation with the above-mentioned organization and 
specialists, a final decision was made on the topics of 
trend papers, each paper being intended to give an overall 
view of the trends and problems in a specific area of the 
general subject. 

In collaboration with IUPAC, the Polish Academy of 
Sciences, the Polish National Commission and the Polish 
Ministry of Science, Higher Education and Technology, 
Unesco next organized an International Congress on the 
Improvement of Chemical Education, held in Wroclaw 
(Poland) 17-22 September 1973, the purposes of which 
were : (a) to identify and analyse the present problems and 
recent trends (especially over the last four years) in che- 
mical education at all levels, within and outside the formal 
educational system ; (b) in the light of this analysis, to 
outline a proposed four-year co-operative plan of action — 
among international, regional and national organizations — 
for the further improvement of chemical education ; (c) as a 
means of disseminating widely the analysis of the problems 
and the proposed solutions, to prepare material for Volume 
IV of New Trends in Chemistry Teaching. 

Thirteen trend papers were prepared and subsequently 
revised by their authors in the light of the ideas and 
suggestions which arose during discussions in the relevant 
working groups. The resulting papers, which constitute the 
thirteen chapters of the present volume, therefore re 
the integrated knowledge and experience not 
individual authors but also of the internation 
participated in the congress. Furthermore 
working groups were asked to suggest prac : 
should be undertaken by various bodies — 
and international — for the solution of e 
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Special acknowledgement is made to all authors of the 
chapters of this volume and to the editor, Dr Peter Farago 
(United Kingdom) who also served as the rapporteur of the 
congress. The opinions expressed in this publication are the 
responsibility of the authors and the editor. Furthermore, 
the designations employed and the presentation of the 


material do not imply the expression of any opinion 
whatsoever on the part of Unesco concerning the legal 
status of any country or territory, or of its authorities, 
or concerning the delimitations of the frontiers of any 
country or territory. 
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I. Factors 
affecting 

the design of 
chemistry 
courses and 
programmes 


The changing needs and views 


of society 


INTRODUCTION 


The new trends in chemistry teaching can be 
identified by selecting the best articles 

from the relevant literature - those which 
give evidence of the changes in content and 

in the methods used to teach this subject - 
and by reflecting on the external as well as 
internal factors which influence the chemistry 
syllabus. It is now becoming accepted that 
these factors must be taken into consideration, 
either with a view to mitigating their effects 
or, on the contrary, with a view to adapting 
chemistry teaching more closely to the needs 
and motivation of the students, and, more 
generally, making it correspond more closely 
with what societies have a right to expect 
from their educational systems. 

This Paper is intended as a contribution 
to reflections on the changes in society which 
must inevitably have repercussions on the de- 
sign of curricula, particularly as a new aware- 
ness of the links between science and society 
has led to a new approach to these problems. 

Until the beginning of the sixties, science 
and technology developed against a background 
of confidence in the effectiveness of science, 
and the political prestige of scientists, par- 
ticularly in the United States of America and 
the United Kingdom, was considerable: for 
example, ever since the war, scientific insti- 
tutions and national science policies had been 
profoundly influenced by the ideas and style 
of physicists, 

During the sixties, economists and systems 
analysts gradually gained increasing influence 
over science policies in Europe; national con- 
cern with questions ranging from health to 
general social and economic problems began to 
dominate the scene. (1) 

At the same time a feeling of disenchant- 
ment with science began to appear in the Uni- 
ted States (2) and was to develop later and in 
different ways in Europe. So our world is now 


by C. Terlon 


divided between two conflicting attitudes: 
recognition of the dynamism of scientific 
development which, however, is failing to con- 
trol progress, and at the same time growing 
indifference by society towards science, an 
attitude which is in danger of developing into 
one of rejection. 


THE IMAGE OF SCIENCE IN PRESENT DAY SOCIETY 


This changing attitude to science mainly con- 
cerns the Western countries: in the Eastern 
countries there is still a powerful interest 
in science and technology, while the size anā 
urgency of the problems confronting them makes 
developing countries more interested in using 
available scientific and technical resources, 
suitably adapted, to achieve a higher standard 
of living. 

This rough outline of the different pos- 
sible approaches to science could be further 
simplified by reducing it to a distinction 
between two types of approach, that of capi- 
talist society and that of socialist society 
(at varying stages of development), in that 
political, economic and educational systems 
are interdependent. 


The new image of science in Western countries 


The hope traditionally placed in Scientific 
progress is now giving way to doubt as to the 
value of science and the benefits of techno- 
logy; the level of the questions asked varies 
according to who asks them, the diversity of 
attitudes reflecting the fact that the socie- 
ties in question are far from being homoge- 
neous, There is an increasing public wariness 
of many aspects of science and of technologi- 
cal imperialism. When the general public is 
asked, 'What has science really done for you?! 
the answer given is that there have been i 
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benefits, examples being chosen mainly from 

the sphere of medicine, but that, on the other 

hand, we have had to pay dearly for such bene- 
fits in the forms of increasing pollution of 
the air, water and the land, of an upsetting 

of the natural equilibrium necessary for the 
survival of flora and fauna, of more and more 
artificial food, of more noise, of the atomic 
bomb, of the fantastic increase in the popula- 
tion, which has risen from 250 million 2,000 
years ago to 4,000 million human beings today 
'thanks' to progress in hygiene, drugs and fer- 
tilizers, etc. (In the Middle Ages, pollution 
in the towns was appalling but remained limited 
in space, whereas mercury originating from the 
waste products of industries thousands of miles 
away is now found in the Antarctic.) 

To this awareness of the harmful consequen- 
ces of technological progress is now being 
added an awareness of the fact that we are 
squandering our natural resources and will pro- 
bably have to pay the price sooner or later: 
our civilization might well collapse if we do 
not control the continuing expansion which 
makes us impoverish arable land, cover fertile 
soil with the concrete of our towns and motor- 
ways, and destroy our supplies of oxygen by 
travelling on unnecessary errands through the 
atmosphere in jets which burn up our reserves 
of fuel, while the population explosion is as 
serious a threat to our civilization as nuclear 
war. (3) 

Another source of anxiety which is beginning 
to emerge is closely bound up with certain mod- 
ern technological achievements which have crea- 
ted formidable technical instruments constitu- 
ting a threat to individual privacy, instru- 
ments which can be used to obtain and record 
information that those concerned would like to 
keep confidential and that can then be stored, 
and easily and rapidly retrieved when required. 
This potential threat is made even more serious 
by the fact that the people affected generally 
have no means of knowing that this information 

has been collected or what use is made of it, 
and are not aware of the fact that they may be 
under physical observation (by visual and acous- 
tic devices), psychological observation (by 

means of tests in which the individual reveals 
his personality without being fully aware > 
the significance of certain questions) or ob- 
servation by computer (with the added danger 
here that information can be easily erased and 
replaced by other information without any de- 
tectable trace of the operation, which was 
practically impossible with the old-fashioned 
filing systems). 

Public opinion is thus becoming more and 
more alive to the problems of the environment 
nerally, to the concept of quality 


and, more ge: 
i h we are aware that we have 


of life; but althoug 
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reached a stage of development where every need 
satisfied gives rise to new needs and, for this 
very reason, problems which had gone unnoticed 
may suddenly start to cause acute social dis- 
content, this does not automatically lead to 
plans for alternative solutions: the pollution 
of the environment, the chaos of urban life and 
the inadequacy of the university cause dissa- 
tisfaction which finds no reflection in any 
detailed plans for a new type of environment, 
town, or university which might prove more sa- 
tisfactory. (1) 

This spontaneous expression of concern is 
more clearly formulated in the Brooks Report 
(1) which, noting that the general public and 
the specialists alike, after a period of eupho- 
ria, are now feeling somewhat disenchanted and 
uneasy about science, tries to analyse the rea- 
sons for this change in attitude which seems to 
be due primarily to what might be called misuse 
of technology and perhaps even of science, The 
report finds that there have been too many in- 
novations in some sectors and too few in others. 
This has led to deterioration of the environment 
and living conditions in big towns and to the 
proliferation of new technologies which benefit 
the private consumer but have harmful effects 
for the community as a whole. Technical pro- 
gress must be controlled; to this end, science 
policy should be integrated with other politi- 
cal options, particularly as it is doubtful 
whether the growth rate of the last hundred 
years can be maintained. The urgent problem 
thus raised is the need to use scientific (and 
technological) resources in a way which cor- 
responds more closely with the requirements 
of society. 

The Brooks Report thus does not go as far 
as the Meadows Report (5); however some indi- 
cation of the apprehension with which scienti- 
fic and technical progress is regarded may be 
seen in the receptiveness of public opinion to 
the idea that some limit must be imposed upon 
growth, 

Although in some ways industrialized socie- 
ties could be said to be approaching saturation 
point (which means that a decline in growth 
rates may be expected in a few years' time), 
it is important to realize that not all classes 
of society feel equally affected by the 'mis- 
doings' of science: the problem of the environ- 
ment causes most concern to those classes which 


are already provided with the material neces- 
sities. 

Many intellectuals, influenced in particu- 
lar by Herbert Marcuse, and to a lesser extent 
by Charles Reich (The Greening of America), 
reject success and competition in favour of 
pleasure and self-fulfilment, seeking the Ea 
beration of man in a new, post-industrial aag 
General opinion is more conservative, but som 


ideas, when taken up by young people, are ac- 
cepted by the masses, which can also be roused 
by means of action to defend the environment, 
action which sometimes succeeds in preventing 
the development of industrial sites. (5) 

Over the last five years scientists have 
been engaged, in the consideration of two to- 
pies expressed in new terms: misuse of science; 
science seen not as a neutral but as an ideolo- 
gical activity. 

According to S. Rose of the Open University 
(United Kingdom), although analysis of the mis- 
use of science has often been given a political 
slant to make it appear an inevitable result of 
scientific activity within the framework of 
oppressive social order, many scientists never- 
theless tend to see it as the manifestation of 
a relatively autonomous activity: this view 
leads to a formulation of the problems in terms 
of individual responsibility. But a counter- 
current is now gaining force. Its thesis is 
that science is not neutral: as an activity 
organized within the framework of a given so- 
cial order it reflects the standards and ideo- 
logy of that social order, It does not exist 
outside the society which produces it: 'as one 
social activity among others, bearing the inde- 
lible imprint of the society to which it be- 
longs, it reproduces all its features and 
reflects all its contradictions both in its 
internal organization and in its applications’. 
The 'crisis in science' is therefore in fact 
only one particular aspect of a general crisis; 
"the questions which scientists are asking 
about their rôle in society and the use society 
makes of their work, are political questions'. 
(6) It is intrinsic to the nature of science 
to be a form of power: if science is to be 
made more democratic it must become politically 
aware (the problem of self-management in sci- 
ence), This type of analysis is often made by 
young scientists with 'leftist' sympathies; it 
is tending to spread and to split the scienti- 
fic community into two groups, ‘science mana- 
gers' and 'dissenters', as at the international 
symposium on science and society at St Paul- 
de-Vence (France) in June 1972. (7) 

The importance of this current of criticism 
should not, however, be overestimated: many of 
the very scientists who uphold these views tend, 
when in the laboratory, to forget about the 
implications of their work and to continue to 
consider research as self-contained and good 
in itself. 

The uneasiness felt by scientists has its 
counterpart in the attitude of students in the 
universities of many Western countries. In 
denouncing the structure and content of tradi- 
tional university education for its failure to 
meet present-day needs, they also denounce the 
pressures of an economy which wants to step up 
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the efficiency of university training. This 
invasion of university life by the imperative 
of efficiency has occurred at the very moment 
when the disadvantages of economic growth as 
pursued until now have become clear, The ulti- 
mate argument runs thus: "why work when con- 
Sumption increases the individual's dependence 
on material goods and damages man's natural 
heritage?' (8) 

It is possible that 'after mobilizing men, 
industrial civilization will begin to mobilize 
women'; this process, which has already started, 
is similar to that of decolonization in that it 
will entail value changes. (9) This would seem 
to be looking well into the future: for the 
moment, women are becoming aware of their place 
in a scientific and technical society which has 
grown up without them, (10) 


In the socialist countries 


Leonid Brezhnev in his report to the 24th 
Congress of the Communist Party of the Soviet 
Union expressed the view that 'one of our major 
tasks is to speed up decisively the rate of 
scientific and technical progress', and it 
would indeed seem that interest and confidence 
in the power of science and technology is 
deeply rooted not only in the minds of poli- 
ticians but at all levels of society. The same 
enthusiasm for science is still to be found 
among students, without seeming to raise any 
questions about inherent risks. 

In these countries, education is designed 
to contribute to the construction of socialist 
society, and this determines the objectives of 
the different kinds of education, the content 
of the education given and the guidance and 
selection of students, as well as the way in 
which they work. Thus, for example, the Law on 
Socialist Education of the German Democratic 
Republic states (Section 4, Article 52): 'The 
task of universities and higher educational 
establishments shall be to train individuals 
with a socialist outlook and with advanced 
scientific qualifications who are capable of 
organizing in a rational manner the application 
of the latest achievements of science to pro- 
duction, cultural life and other sectors of 
the socialist society' and (Article 61) 'the 
objectives of the instruction and education 
of young scientists shall be determined in 
accordance with the foreseeable needs of 
science, the economy and society’, 

One characteristic concern which is pre- 
sent at all levels of education in socialist 
societies is for the moral education of the 
pupil end later the student, who must be made 
ee ae need to work and at the same 

y S need for his work. The 
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teaching methods used to achieve this objec- 
tive vary, but they all endeavour to establish 
close links between academic work and socially 
or economically useful tasks, whilst an exten- 
sive system of education by correspondence and 
evening classes (with reduction of working 
hours in certain cases) enables an ever-increas- 
ing number of workers to obtain a diploma of 
higher education without interrupting their 
occupational activities. Certain countries 
(Cuba, for example) take this one step further: 
as the level of economic development does not 
at present enable all to exercise the right to 
education which is recognized by law (the prin- 
ciple of the right to work is also laid down by 
law), constant exchanges are organized between 
students and workers in agriculture and indus- 
try to ensure that the latter benefit from the 
students' knowledge. These exchanges enable the 
students themselves to learn much from their 
participation in agricultural or industrial 
production and also make it possible for wor- 
kers to attend university, usually on a part- 
time basis (and to obtain the same diplomas in 
due course). Thus the problem of expressing 
the needs of society and taking them into con- 
sideration in the educational system is given 
a completely new aspect since these two terms 
are in constant, organic interaction. (11) 
Furthermore, a very intensive information 
service is provided, using diversified means 
to reach various audiences. One of its most 
original features is that eminent scientists 
play a leading part in it, supported in their 
work by teachers and students. There are, for 
instance, many popular science associations 
with the assistance of university staff, 
to the general public. In 
the U.S.S.R., one of the largest of these asso- 
ciations, Znanie (knowledge), has almost 2 ee 
million members, has chemical sections T wW a 
students assist by preparing lectures uee 
hers, later rea- 
supervision of experienced teac , : i 
ding these lectures in factories or schon ne 
to the general public.(12) In the same way, t 
Mendeleev Chemical Association, in addition to 
its publications for specialists publishes 
magazines having very large circulations — 
(Chemistry and Life, The Young Chemist) which 
help to sustain interest in the discipline and 
in current progress, while at the same time 
providing basic information which is suffiently 
scientific to serve as a springboard for spe- 
cialized study; this association also organizes 
courses which begin at a very elementary level 
and are held after working hours. (13) 


which, 
supply information 


capitalist and socialist societies, one might 
perhaps start by roughly outlining the differ- 
ent situations emphasizing the common features 
of the major and particularly urgent problems, 
the first of which is satisfaction of the basic 
requirements for food and health (and possibly 
housing). 

Although the leaders of many developing 
countries recognize that science has a vital 
rôle to play, a tremendous amount of work still 
needs to be done to eradicate deep-rooted pre- 
judices and to convince the population that 
science is not only theory but a means of in- 
tellectual and social transformation. In some 
countries where feudalism is a thing of the 
not-so-distant past, manual work is despised 
and technicians do not occupy a very high 
position in society; few therefore aspire tO 
be technicians, and those who hope to follow 
a course of higher education prefer the fun- 
damental sciences to their technical applica- 
tions. (14) 

In many African States which became inde- 
pendent in the sixties, the government was 
quick to lay down a strategy for development 
to ensure economic and social progress. Develop- 
ment was very often seen as a linear process 
of catching up with industrialized countries 
by massive importation of existing technolo- 
gies. These, however, come from industrialized 
countries, in which the tendency is to optimize 
economic profitability in circumstances where 
capital is more readily available than labour; 
the opposite is true in Africa, where there iS 
a surplus of labour and capital is scarce. What 
is needed, therefore, is a technology which is 
adapted to the special conditions of developing 
countries rather than a transfer of existing 
technologies. (15) 

A similar situation has developed in edu- 
cation: it was often thought that economic 
backwardness could be remedied by adopting 
the school system of the industrialized coun- 
tries, which is why many towns in the Third 
World are full of young unemployed who can 
read and write and who sometimes have diplomas 
of secondary education, (16) 

In short, although it is difficult to deny 
that the scientific and technical progress 
achieved in industrialized countries has PTE 

loping countries considerable opportu- 
he Me wares their production, it is equally 
ity to i i 
ma that it has been responsible for certain 


economic imbalances in these P S 
The Brooks Report (1) identifies two 

have caused this situation: under- 

which is a major obstacle 

f science and technology 3 

and the present orga? 


tors which 
development itself, 
to the application © 


in developing countries, 
ization of international 
based on a market the ru 


In the developing countries 


Though it would no doubt be interesting to draw 
the distinction, as we have done above, between 


economic relations: 
les of which are to 
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large extent, whether deliberately or otherwise, 
determined by the more advanced countries to 
their own advantage. 

It would perhaps be helpful to give some 
examples. Research into the production and im- 
provement of margarine has made it possible to 
considerably increase demand for certain pro- 
ducts such as coconuts, palm oil and ground 
nuts; research undertaken in response to the 
problems of developing countries has led to 
the discovery of high-cropping varieties of 
rice and wheat (these discoveries may be con- 
sidered as marking the beginning of the green 
revolution in a number of countries).(17) On 
the other hand, the Secretariat of the United 
Nations Conference for Trade and Development 
has calculated that, while world consumption 
of cotton increased by 1 per cent between 1960 
and 1964, consumption of synthetic fibres in- 
creased by 50 per cent and that the proportion 
of synthetic rubber in relation to total rubber 
consumption increased from 0.6 per cent in 1938 
to 56 per cent in 1965. 

Thus the belief, prevalent in the sixties, 
that science could help the countries of the 
Third World to develop their potential has 
given way to the view that science has if any- 
thing widened the gap between rich and poor 
countries still further. 

An important omission in the above descrip- 
tion has no doubt been noticed: that of the 
People's Republic of China. Although there is 
an abundance of ideological literature, de- 
tailed information on scientific and technical 
development in China during and after the Cul- 
tural Revolution is still hard to come by and 
gives only a fragmentary picture of the orig- 
inal approaches and solutions adopted by China 
in this domain, (18) 


THE CONSEQUENCES: SOCIETY'S REQUIREMENTS 
AND THE SOCIAL RESPONSIBILITY OF SCIENCE 


Although the impact of science on society has 
for a long time been self-evident, its counter- 
part, the growing demand that research and its 
applications should serve society, is a new 
phenomenon with far-reaching consequences. If 
there are to be new forms of interaction be- 
tween science and society each must improve 

its information about the other. 


The needs of society 


Let us first note that there is more than one 
view of what is meant by the needs of society, 
for this term may denote the overall require- 
ments of a country, defined in terms of nat- 
ional policies, or the requirements of indivi- 
duals. 

The needs of society which concern us here 


S 


The changing needs and views of society 


are those which relate to the educational sys- 
tem and, more particularly, the teaching of 
chemistry. 

If one accepts, with Edgar Faure (19), 
that 'command of scientific thought and lan- 
guage has become as indispensable to the aver- 
age man as command of other means of thought 
and expression’ and that science not only 
enables individuals to master natural forces 
as well as production processes but is also a 
decisive factor in the moulding of character, 
one must consider that it is a priority objec- 
tive of education to give a sufficiently gen- 
eral scientific training to enable all to be- 
come fully responsible citizens, 

As far as curricula are concerned, it will 
therefore be important to bear in mind that if 
chemistry is to be taught to as many as poss- 
ible, given its formative value and its import- 
ance in the scientific and technical world in 
which we live, it must be remembered when 
teaching it that those for whom the curricula 
are intended will not all become chemists but 
will, on the other hand, all be required to be 
well-informed citizens, engineers included, 
This is why the content of chemistry lessons 
and the teaching methods used are important 
and should not be approached only from the 
point of view of progress achieved in the 
subject. There seems to be a large measure of 
agreement at present on the need to teach 
chemistry as a subject integrated into a mul- 
tidisciplinary framework, to be considered 
from the point of view of man and not as an 
abstract exercise cut off from life. (2) 
Whereas pure chemistry leads to neglect of the 
needs of society and arouses little interest 
in the majority of students, the integration 
of pure and applied chemistry with other dis- 
ciplines such as the human sciences could make 
it possible to study the connexions between 
the various sectors of science and society in 
a very practical way.* 


* A very thought-provoking suggestion for pos- 
sible action to this end, illustrated by 
reference to the history of science is pro- 
posed by M. Minssen (personal communication) 
in connexion with Carnet's principle and its 
relationship with the development of society 
which can be roughly represented as follows: 


development of the steam engine 


Textile etry 
Dyestuffs mte growth of the towns 


Bases of structura 
chemistry 


A a 
Atomic N progress in medicine 
Thermodynamics — Biochem diy 
(classical, 


(Pasteur ., «) 
statistical ...) 
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There are other ways of reflecting the 
needs of society effectively in education: by 
laying emphasis on sectors in which the prac- 
tical applications are soon apparent, and by 
giving all students, not only those in applied 
schools, basie instruction in the theory and 
practice of technology, involving them in 
active participation in production. (20) 

Integrated education, which tries to give 

a genuine training, should not be based on the 
traditional system of ex cathedra teaching, 
but should encourage and make full use of the 
individual work and research of the student: 
the aim should be to develop attitudes and to 
help the student establish his own working 
methods and learn to learn, development of 
these aptitudes becoming ever more necessary 
as knowledge acquired soon becomes outdated 
in our rapidly changing world, 

The interaction between the requirements 
of society and educational systems can also be 
seen in the practical problems of selection of 
students and subsequent job opportunities, In 
simplified terms, one might say that in the 
socialist countries the individual is trained 
to go wherever society needs his work, univer- 
sities and higher educational establishments 
selecting candidates in accordance with plans 
adopted by the state and with the results 
obtained by the candidates themselves, The 
problem of finding employment is therefore 
practically non-existent for graduates in these 
countries (where the question of an individual 
vocation is seen as an artificial problem). In 
countries where the free enterprise system oper- 
ates, the laissez-faire approach seems to pre- 
vail in vocational guidance: the student choo- 
ses his course of study according to the career 
he wishes to take up, this decision seldom 
being based on the needs of society. He may 
even choose a sector in which there are no 

openings at all, and in such cases de facto 
limitation once more becomes operative (to 
which can be added the de facto selection 
based on socio-economie factors which is only 
very slowly tending to diminish). This raises 
the problem of graduate unemployment and of 
graduates having to readapt to employment in 
sectors which do not correspond to their init- 
jal specialized training, This problem could 
equally well be expressed in terms of the 
educational system's lack of adaptation to 

the needs of the society concerned; but one 
should also beware of the dangers which would 
arise if the university were obliged to reflect 
only the immediate needs of certain industrial 
or military sectors... 

As far as the general public is concerned, 
it is very important that attention should be 
paid to the need of responsible citizens for 
information and that that need should be met. 
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There is, in the general public's negative 
reactions towards science, a very strong emo- 
tional element, fed by a general misconception 
about science and by nostalgia for a mythical 
past. The reaction against science should not 
be allowed to lead to a slowing down of scien- 
tific progress such that the complex situations 
created by scientific development can no longer 
be controlled for lack of the necessary tools. 
It is particularly regrettable that, most of 
the time, the general public has access only 
to the often over-dramatized information cir- 
culated by the popular press; scientists should 
make it their business to co-operate in circu- 
lating more balanced information, Thus, for 
example, it is generally believed that techno- 
logical development exploits our human environ- 
ment and impairs its quality, and that certain 
types of pollution are caused specifically by 
chemical industries. It would be important to 
demonstrate that chemistry is also in the fore- 
front of research to improve our living condi- 
tions (new methods of limiting pollution, 
birth control, etc.) and is indeed already 
helping to protect the environment (for 
example the production of synthetic fibres 
based on petroleum may be regarded as an alter- 
native to the exploitation of natural fibres 
to the detriment of natural ecological resour- 
ces, (21) 

As was pointed out at a symposium organized 
by the Council of Europe at Strasbourg (19 - 21 
April 1971) on presenting science to the pub- 
lic, ‘scientific popularization should not aim 
to transmit simplified, indeed debased, scien- 
tific information, but to give the national 
community the wherewithal to play a respon- 
sible part in the process of scientific devel- 
opment,.' Seen in this light, the popularization 
of science has its own social and political 
part to play. (22) 

It is to be regretted that scientists have 
not yet realized the use which they could make 
of the new media, and of radio and television 
in particular, to reach a wider public than 
that reached by the press (some excellent, but 
very limited, TV series do exist, such as that 
of Sir Lawrence Bragg in the United Kingdom) . 

Among scientists. The readiness of Sotreno® 

th social problems and a new 
social profession of science pe. ag ani 
emg for technology assessment an ae 
a. ensure that the further progress 
with users to of a unilaterally 
of science is the reverse =) 
imposed technocratic solution. (23) At the 4 
itidisciplinary approach shoul 
same time, a mu W consti- 
be developed to the complex structures T 
tuted by those systems in witch human 62% 
is involved (in interaction with — by 
ements of natural systems, gollakora genet” 
research workers trained in differen 


to be concerned wi 


logies might make it possible to extend our 
knowledge of domains which until now have been 
neglected although this would require some 
modification of the training of research 
workers. (24) 

The integration of the needs and require- 
ments of society into parameters for guiding 
the selection of subjects for research would 
place restrictions on scientists' traditional 
freedom in this sphere. This is a difficult 
and serious problem on which the Brooks Com- 
mission (1) adopts a rather ambiguous position: 
noting that in the past scientists guided ex- 
clusively by their own curiosity have rendered 
valuable services to society, it emphasized the 
need to establish new links both within science 
itself (between subjects which were until now 
isolated from each other) and between science 
and social objectives, though without detriment 
to the dynamism of science: for whatever the 
applicability of science, it needs to be inde- 
pendent in order to work out abstract concep- 
tual patterns which in the initial stages are 
an end in themselves (making it possible later 
to apply them in very widely differing con- 
texts). The aim is not to impede the work of 
science, and the consideration of social re- 
quirements does not imply a reduction in fun- 
damental research: this is one of the basic 
problems with which science policy will have 
to deal. (1) 


The social responsibility of science 


Although science and technology work hand in 
hand, it is nevertheless important to make a 
distinction between science, the discoverer 
of knowledge, and technology, which trans- 
lates this knowledge into know-how. 

This is the first time that society has 
been asked to give an opinion on a problem 
such as that of the quality of life, while ve- 
hement voices are being raised to reject the 
dictatorship of experts who make decisions on 
their own and lead society towards an ever- 
increasing collective irresponsibility. 

Although science can only develop in the 
name of pure knowledge, it will not survive 
unless it is fully and wisely used to improve 
human condition and not as an instrument 
wielded by one group to dominate another. (25) 

As regards the difficult problem of prio- 
rities, ordinary citizens do not make the same 
choices as governments and industrialists (for 
example they give preference to medical re- 
search and research into pollution. (26) Hence 
the need to work out ‘social indicators’ to 
identify and quantify needs which are not re- 
flected by the market: the emergence in our 
societies of an interest in the qualitative 
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aspects of growth, together with a more com- 
prehensive definition of social well-being, 
Will call for much closer integration of 
science policy with overall economic and 
social policy. (27) Hence the further need 
to assess the possible technological options 
so as to try and organize technical progress. 
(This is a difficult problem: the standards 
applied may vary considerably from one techno- 
logical context to another, Every nation pays 
an enormous price each year in road accidents, 
but is very alarmed by the low level of radia- 
tion emitted by nuclear power stations). (1) 
For many scientists and economists, inno- 
vation alone can combat the consequences of 
its own excesses (28), provided that it can 
be carried out within guiding and regulating 
structures which will maintain a balance in 
technical progress. We already know of pro- 
cesses which should make it possible to avoid 
using up the resources of our environment, 
such as the use of solar energy (which is clean 
but not yet efficient enough), or geothermal 
energy, the possible use of which is now being 
investigated. There are remedies for pollution, 
such as closed-circuit recycling, or processes 
which would make it possible to reduce pollu- 
tion levels immediately. Strict anti-pollution 
legislation could impose upon certain chemical 
industries rigorous standards which could be 
applied now, but which are so expensive that 
it is research into new reclamation processes 
which is being stimulated. (For example, it 
has been calculated that the power stations 
now in operation at Le Havre produce each year 
exactly the same amount of sulphur dioxide as 
that used by the two most modern sulphuric acid 
production plants in the same town, but there 
is as yet no method of reclamation which is 
economic enough to be practicable), It is 
easier to design and install anti-pollution 
devices in industry than in households which 
are numerous and dispersed, yet the latter 
contribute more to atmospheric pollution in 
towns than the chemical industry. The same is 
also true of water pollution, due to increasing 
use of household detergents. Research into the 
possibility of biodegradable detergents, and 
of photodegradable materials for Plastic con- 
tainers, is the only means of remedying the 
effects of certain aspects of technical pro- 
gress which, in addition to their advantages 
entail fearful consequences for our environ- 
ment owing to the enormous number of users 
involved, (29) Marx showed years ago that 
chemistry makes it possible to change non- 
value into value (quoted by V. Labeyrie), (7) 
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CONCLUSION to science policy in the next decade may prove 


to be to find new goals for technological 


Science and technology are an integral part of innovation, that related to the adaptation 


economic and social development, which implies 
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a much closer relationship than in the past 
between policies for science and technology 
and all areas of socio-economic concern and 
government responsibility; 


‘a major challenge 


of work styles to the psychological needs 
of individuals rather than, as in the past, 


the adaptation of man to work styles set by 
technology’. 


REFERENCES 


1. Science, growth and society, Paris: OECD, 
1971. 

2. W. B. Cook. J. chem, Ed., 1971, 8, 642. 

3. R. Dumont, L'utopie ou la mort, Paris: 
Le Seuil, 1973. 

4. International Social Science Journal, 
1972, 12(3). 

5. Hudson Institute, published in France as 
L'envol de la France, 1973. 

6. P. Thuillier. La Ia Recherche, March 1973. 


7. Le Progrés Scientifique, Ji January 1973. 
8. 


1972, 8. 

9. B., de Jouvenel; E. Berl. L'Express, 26 
February 1973. 

10. L. Brossard; N. Castanedo; F. Llanes. 
The teaching of chemistry in the new 


Cuban secondary school, a paper read at 
the Wroclaw Congress. 


1. Science for the people, May 1973. 
12. H. A. Teterin; A. V. Bogatski. Unichimie, 
1971, 4, 31. 
13. Bulletin issued to mark the centenary of 
the birth of D. Mendeleev. The Mendeleev 


Chemistry Association, 1969. 


A. Mitscherlich, Bildung und Wissenschaft, 


14. A. Rahman. Int. Social Sci. J. 1970, 

15. L. Savane, Impact, 1972, 18(2). 

16. M. Liba, Bull. Inst. fondamental d'Afrique 
noire, 1 January 1972. 

17. J. Tinbergen. Impact, 1972, 12(4). 

18. P. Chouard; F. Lurcat; J. Lacouture; 
J. Chesneaux. La Recherche, May 1972. 

19. Learning to be, Paris: Unesco/London: 
Harrap, 1973. 


20. W. Lauterbach, Aims, objectives and me- 
thods in chemistry instruction in the 
German Democratic Republic, paper at 
Wroclaw, 

21. F. A. Long. J. Chem. Ed., 1971, 48, 17. 

22. La Recherche, July 1971. 

23. W. Rosenblith, Paper read at the St.Paul- 
de-Vence symposium. 

V. Labeyrie, Paper read at the St. Paul- 

de-Vence symposium, 

25. W. F. Weisskopf, Science, 14 April 1972- 
H. Kranch. Res. Pol.1971/1972, 1. 

27. The OECD Observer, June 1973, 64. 

A. Sauvy. Croissance zéro? Paris: Calman- 

Lévy, 1973. 


29. G. Scott. Chem. Brit., 1973, 9, 267. 


18(1). 


The evolving demands of industry 


and other professions 
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INTRODUCTION 


Over the last decade or more, major changes 
have occurred in industry - and especially in 
the large-scale chemical industry - as a result 
of the systematic application of earlier re- 
search in physical or engineering science and 
of industrial economics, At the same time, the 
growing demand for university education has 
provided the impetus for advances in educational 
technology and for reshaping university courses, 
The opportunity now exists for examining how 
far university courses, apart from providing 

an education, are useful to chemistry students 
wishing to enter industry or other professions, 
and how this usefulness might be enhanced, 


UNIVERSITY PLACES AND CHEMISTRY 
OPENINGS IN INDUSTRY 


The demands made on university chemistry depart- 
ments are to provide their students both with 
chemical skills and with a general education, 
Ideally, both these aims should be totally 
achieved by the combined efforts of staff and 
students. In practice, perfection in either 
aspect cannot readily be envisaged, Moreover, 
there should be an appropriate balance between 
the two, The point of balance varies with the 
emphasis placed by society on a number of fac- 
tors, of which some may be enumerated: the 
tradition or even objectives of the university 
(a 'technological' usually differing from a 
'classical' university); the choice by the 
student (who may perhaps opt for a course in 
‘advanced wave-mechanics' rather than for a 
course in 'petrochemical processing'), and, 
perhaps surprisingly, the ease with which 
chemical jobs in industry can be obtained by 
graduates in chemistry.(1) The ratio 

number of graduates produced annually 


number of chemical posts open annually 
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has become significant. If this ratio is less 
than one (that is, if there are more chemical 
openings than chemists), society's and indus- 
try's need is for chemists primarily; most 
students accept chemistry courses with a high 
content of vocational training because they 
expect to find jobs readily as chemists. If 
the ratio is greater than one (that is, if 
there are fewer chemical openings available 
than the number of chemists produced), then 
both society's and students’ attitudes change 
because not all chemists can be employed as 
chemists - therefore they have to be employed 
in some other capacity. There is a greater 
demand for ‘chemistry as an education', 

In any one country, the ratio changes over 
a period, as the number of university chemistry 
places provided and the number of openings in 
industry changes. These changes occur indepen- 
dently, and may thus cause hardship, in the 
Western industrialized countries and in the 
developing countries; in centrally planned 
countries, difficulties may be avoided by 
correct planning. In recent years, the trend 
in industrialized countries has been for uni- 
versity places to be made available at a faster 
rate, and for the growth in chemical openings 
in chemical industry to slow or even reverse 
because parts of the industry are approaching 
maturity.(2) There is then a discontinuity when 
the ratio greatly exceeds one; and a return to 
a ratio of less than one can only be achieved 
if students fail to enrol for the places pro- 
vided, Although there are empty science Places 
in the United States and the United Kingdom, 
such a drastic swing from science is not likely 

The ratio not only changes with time in j 
any one country; at any one time, different 
countries or regions have very different ratios 
of output of chemical graduates to openings in 
chemistry. For example, Australia and Israel 
have for over a decade been producing many 
more chemistry graduates than the number of 
chemical openings might seem to warrant, 
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However, in the German Federal Republic a sur- 
plus of chemists over chemical posts available 
is not expected (3) until chemists emerge from 
the newly established universities in the mid- 
1970's. 

At any one time, what is written in one 
country about the needs of industry and whether 
or not they are served by universities, depends 
on the relation between the number of opportu- 
nities open and the number of chemist graduates, 
Therefore, there is a need for statistics on 
both chemists graduating and industrial open- 
ings in chemistry. Cases where both sets of 
statistics are available are scarce (4) and 
need to be supplemented. On the whole, one 
tends move frequently to find statistics on the 
numbers of graduates. Thus, the United Kingdom 
has for some years been producing more chemis- 
try graduates annually per million of the popu- 
lation than any other country (2) and for that 
reason produces statistics both of entrants to 
university departments and of degrees awarded 
and first employment of graduates.(5) Statis- 
tics are also provided annually by the news 
organs of chemical societies in the German 
Federal Republic (6) and the United States. (7) 

By contrast, there appear to be no official 
statistics of job opportunities in chemistry, 
though the subject is receiving increasing 
attention. It is estimated (8) that in the 
United Kingdom 600-750 job openings exist annu- 
ally for chemists in the chemical and allied 
industries, whereas there are nearly 3000 uni- 
versity places for chemists annually (about 
2500 graduates being produced annually). The 
United Kingdom of all industrialized countries 
thus suffers most acutely from the problem of 
students with great expectations of using the 
chemical knowledge they have acquired (9) but 
with insufficient openings to permit fulfilment 
of the expectations. The problem also faces the 
less developed countries where fewer chemists 
graduate but where there are hardly any indus- 
trial posts for chemists. 


CHANGES IN THE CHEMICAL INDUSTRY 


While the growing affluence of the industrial- 
ized - and indeed of the emerging - nations has 
led to a demand for more tertiary education and 
an increase in the number of university places, 
oe chemical industry has also been changing. 
“i e and 1960s, the switch from coal 
ate (petroleum fractions or natural 
eet ee complete change in chemical tech- 
Pi age invent, develop and implement this 
A be ie ae and chemical 
e Oo late 1960s thi 
ae a The petrochemicals maea 
ime had been growing at about 15 per cent 


22 


per annum (compared with about 9 per cent for 
the chemical industry as a whole) for about 

20 years, It was by then very large, capital- 
intensive, and production-oriented. Not only 
have petrochemical processes replaced tradi- 
tional coal-based or fermentation processes, 
the products - cheaper than before - have 
penetrated into new markets, Tonnage polymers 
(polyethylene, polystyrene, etc.) haye in part 
replaced traditional materials (wood, metals) 
in use, and synthetic fibres have completely 
replaced silk and made important inroads into 
wool and cotton markets, The use of films for 
packaging and other purposes has greatly expan- 
ded. This exponential growth, partly at the 
expense of traditionally used materials, cannot 
of course go on indefinitely. All exponential 
growth must slow down sooner or later. 

At the same time, chemical plants had grown 
to such a large scale that the investment in 
new plant could only be faced with well-tried 
processes, As a result, within a relatively 
short period, the petrochemical industry has 
passed through a true discontinuity. (10) It 
now requires fewer chemists both in research 
and in technical processes, The petrochemical 
industry is still a large employer of chemists, 
but - in spite of its greatly increased size -~ 
it is recruiting only a small fraction now of 
the number of chemists it wanted to recruit 
10 years ago. Moreover, of the chemists in that 
industry only a relatively small proportion 
stay in chemistry - the rest move into produc- 
tion, techno-commercial or commercial depart- 
ments or increasingly use managerial rather 
than chemical skills. If the entry of chemists 
into research departments is blocked because 
the resources devoted to research are diminish- 
ing, then the main reason for using chemists in 
industry disappears, For tasks other than chem- 
ical research, people from other disciplines 
are equally suitable: a physicist, mathema- 
tician, indeed a specialist in ancient history 
(if he is able and numerate) will be able to 
run a plant, analyse a system, or assess cost- 
effectiveness. 

So much then, for the fundamental change 
in the large-scale petrochemical industry which 
embraces part of the polymer and fibres indus- 
tries, There is a second component in the i 
modern chemical industry, namely that et a 

fine chemicals having specially desirable 
with fin i th are biological 

Outstanding among these 

effects. toration or maintenance of health, 
effects - resto f disease in humans or animals; 
and prevention of dise tion through pest 
and increase in food production 
control. These industries are large, but Po 
are still growing fast and in this ie 
ways they differ from the petrochemica Renee 
try. They are not capital-intensive (on tede 
search-intensive) and highly market-orien 


And, more important in this discussion, they 
require highly experienced chemists whose ca- 
reer pattern differs from that of chemists in 
the large-scale capital-intensive chemical pro- 
cessing industry. Many more chemists in the 
‘effects chemicals' industry remain chemists - 
in research, development or technical service; 
fewer become managers. Their main preoccupation 
is in fact the need to keep up to date in bran- 
ches of science and technology related to their 
own expertise. 

When we discuss 'the evolving needs of in- 
dustry', therefore, we have to understand 
clearly that there is not one chemical indus- 
try with a homogeneous set of needs, There are 
two strongly differing industries, the mature 
largescale industry (inorganic and petrochem- 
ical) and the fine chemical/biochemical indus- 
try. Their needs often conflict, and each of 
them has a wide range of resources and of needs. 
Each part of industry is changing and the rate, 
indeed the direction (insofar as the large- 
scale industry is reducing manpower while the 
biochemical industry is increasing research 
numbers) of change differs. 


NEEDS OF INDUSTRY 


Because of the differences in their background, 
members of the chemical industries cannot 
usually speak with one voice when discussing 
university courses and graduates, Vague criti- 
cism seems to emerge (11), especially from 
working groups and symposia. Recognizing the 
diversity of industrial interests, few indus- 
trialists have the temerity to speak out clear- 
ly (12, 13, 14, 15, 16) and offer constructive 
suggestions.(17) The distinction between the 
permanent chemist and the manager who happens 
to be a chemistry graduate has been very clear- 
ly drawn.(18) Not surprisingly, academics, much 
more experienced in addressing the public, have 
been more vocal, even though few have had as 
much experience in industry (say 4-6 years) as 
most senior industrialists have had in univer- 
sities, The real difficulty, it seems, is to 
say something that is constructive and accept- 
able to the parties involved. 

The need of industry that does not change 
is for able people with flexible minds (19); 
all industrialists seem agreed on that. Granted 
the ability of good graduates, the problem re- 
solves itself into fostering flexibility and 
avoiding over-specialization. Solutions pro- 
posed include the encouragement of conscious 
awareness of the need for adaptability (17), 
curricula providing interfaces with and excur- 
sions into related sciences or other disci- 
plines (17), and interdisciplinary work resem- 
bling that increasingly practised in indus- 
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try.(19) More contact with practical problems 
(17) has also been proposed. Further proposals 
(13) include emphasis on scientific method 
during attack on a short research problem, 
acquaintance with operational research methods, 
with communication processes and behavioural 
science applications, and recognition of change 
and its consequences. All these proposals, if 
implemented, would make the transition from 
university to industry easier for the graduate, 
and let him participate in his new environment 
with more confidence, irrespective of the ma- 
jor discipline studied at his university. Chem- 
istry offers the student the advantage (9) that 
it deals both with concepts and with numbers 
and can thus be widely applied: a corollary is 
that the student would be unwise to throw this 
advantage away by taking too narrow a view of 
the science or of his future. Certainly his 
usefulness in industry will be impaired there- 


by. 


CHEMISTRY AS AN AID IN OTHER PROFESSIONS 


Chemistry may be regarded as an ‘enabling sci- 
ence'.(11) Not only is it widely useful itself, 
but it requires both numeracy and concept-for- 
mation: the resultant combinatinn forms a sound 
basis for other disciplines. One might there- 
fore expect students of other disciplines to 
wish to master the principles of chemistry. 
Indeed, for some professions - medicine, phar- 
macy, and chemical engineering, for example - 
chemistry is essential. It is therefore inclu- 
ded in the normal syllabus. Chemical engineer- 
ing education, in particular, has come under 
critical review (20) and emphasis on the pro- 
perties, durability and compatibility of mate- 
rials has been suggested (21) as important in 
a chemistry course for engineers, 

Students of other disciplines, agricul- 
ture (22) and biology (23), for example, also 
find chemistry valuable, yet few biologists 
read chemistry. Much of the normal chemistry 
course appears irrelevant to the intending 
biologist, and much that might be relevant is 
omitted. 

The wider usefulness of chemistry is re- 
cognized in studies of the earth sciences; but 
not in, for example, legal or business Studies 
Yet there are points of similarity: clarity Ta 
definitions, requirements of numeracy and re- 
cognition of similarities form important com- 
ponents in a study of chemistry. 

Careers based on, or using, chemistry may 
be summarized in terms of activity, for ex- y 
ample: 
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Using chemistry as 
part of education 


General administration and 
commercial office work 


Journalism 


Commercial activities 
Transport 


Career Chemistry-based 
Laboratory Process or product research; analysis 
and quality control 
Administration Technical administration; patents and licens- 
ing; library and information service 
Artistic/ Preservation and authentification of objects 
Creative (in musea etc.) 
Packaging 
Technical journalism 
Industrial (Which industry) Production; Technical 
service; Technical sales 
'Service' Teaching (lecturing); forensic science 


Civil Service 


Ts vice LC 


THE ROLE OF THE UNIVERSITY 


Just as the last decade has seen major changes 
in industry, so important changes have occurred 
in universities. Numbers, attitudes, courses, 
all are changing. As regards chemistry educa- 
tion, several trends can be clearly distin- 
guished, Most important is a wider recognition 
of the fact (24) that the old division of the 
subject into organic, inorganic, physical and 
practical/analytical is harmful: it prevents 
the student from grasping the essential unity 
of the subject. Such understanding early on is 
especially important if chemistry is to be put 
to use both academically as part of the educa- 
tion of a student primarily concerned with 
some other subject, and industrially. Moreover, 
the old divisions inevitably lead to overlap- 
ping or gaps, and extend the course, so that 
some of the student's time could be better 
spent. à 

p If a university course in chemistry is to 
be a means to an end, what is needed is a 
"pasic’ treatment of the principles of chem- 
istry. This is what students want if they are 
primarily interested in other subjects or pro- 
fessions, or in careers other than extended 
academic chemistry, In addition to this treat- 
ment there might be optional courses in the 
chemistry department to help to build a bridge 
between chemistry and the ultimate vocation: 
aspects of biological chemistry perhaps for 
agriculture, medicine, pharmacy; forensic chem- 
istry for lawyers; and suitable case studies in 
chemical technology (technological economics) 
for chemists seeking industrial careers. 

These wishes are best put into practice in 
one of two ways: first, ina fully modular 
course offering optional chemical units as well 
as other options and, secondly, in a 'core- 
plus-options' course where the choice of chem- 
istry is more restricted but 'bridge-building' 
is possible through a variety of courses, both 
within the chemistry department and in other 
departments, 
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The choice for students preparing for some 
other profession is relatively clear: they will 
take the course permitting the best understand- 
ing of the principles of chemistry in the short- 
est possible time; and they may add a course 
that is relevant to their chosen profession. 
But what should the university chemistry de- 
partment do for students interested in (but 
not as yet wholly committed to) an industrial 
career? Industrial comment is not really very 
helpful here, It is difficult to translate the 
need for "education', which means different i 
things to different people, and 'adaptability 
into a university syllabus or course, Yet some 
universities have been sensitive (25) to stu- 
dents' needs and industry's advice, particu- 
larly to the feeling that students should know 
more about society and its problems, In the 
centrally planned countries, in particular, & 
course in socio-political thought is given to 
all students; this may not always be very 
broadly based, but few Western departments of 
chemistry seem to provide such courses for 
scientists at all. 

It is widely agreed, too, that actual work 
in industry helps students inclined towards an 
industrial career, Because of the differences 
in objectives between the two types of insti- 
tutions, indeed the two ways of life, the ef- 
fort needed to acclimatise students to industry, 
is substantial. In Cuba 50 per cent of students 
time is spent in industry at tasks increasing _ 
in professional content as the student Lee 

A Unite 

in the university course, In the Tois 
a hnological universities and Poly 

cent of the time is devoted 
technics, 25 per ar spell or to two 6-month 
either to one Leyes and in the German Democra- 
spells in anaue rye E take industrial vacation 
tic Republic, chemi ai dnanpinial work is valu- 
jobs. Such extra-mur ticularly before nis 
able for the student, par 


final specialization. 

Not only does the stude 
work, the real differences 
and industrial environment becom 
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nt see industry To 
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him, The importance of project work, of recog- 
nizing and dealing with behavioural and com- 
munications problems, and of interdisciplinary 
team work may be experienced at first hand. 
Equivalent preparation for life outside the 
university is difficult to provide from with- 
in, Some universities have special lecturers 
('Honorarprofessoren') from industry who pro- 
vide suitable material for discussion. Indus- 
trial work may be simulated.(26) Many students 
now do project work - often a simple research 
problem that develops ability for making ana- 
lytical deductions (even though constructive 
problem solving may not be involved). The prob- 
lems, however, are usually entirely chemical 
and do not take account of economics or legal 
matters; and they are usually too short to pro- 
vide experience of, or an insight into, oper- 
ations research techniques. For this, integra- 
tion of the problem into an industrial project 
is necessary: but such collaboration is still 
exceptional, even though the need for it is 
increasingly recognized. Such collaboration 
puts into perspective the role of the chemist 
in industry: students quickly learn that only 
a part of the chemist's contribution is chem- 
ical; and that a flexible approach to inter- 
disciplinary ideas and problems is important. 
This encourages them to seek some of the other 
skills they will need. 

These include (27) computational skills, 
operations research, behavioural science (psy- 
chology), economics, and certain legal branches. 
These skills are all directly applicable in the 
industrial situation. Indeed it has been sug- 
gested (in Czechoslovakia) that an industrial 
chemist who has not acquired them in his aca- 
demic studies should not have a university 
degree but a diploma; this attempted differen- 
tiation between education and training is sig- 
nificant, 

The problems encountered in transferring 
knowledge and experience across the university- 
industry interface (in both directions) are 
common to the industrialized countries, The 
problems of the developing countries are dif- 
ferent in kind. The scarcity of major manufac- 
turing industries and particularly of indus- 
trial research and development makes the pla- 
cing of students and collaboration on projects 
extremely difficult. Students' interest tends 
to concentrate on the local primary resource 
industries (agriculture, mineral extraction 
and processing, and the simple local manufac- 
tures, e.g. cement). 

Thus a vicious circle is perpetuated 
whereby these countries fail to acquire mo- 
dern manufacturing technology. International 
exchanges of students and staff might go a 
little way towards meeting the needs of the 
local population for sophistication in tech- 
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nology; but such exchanges have hardly begun 
and funds are scarce, 

The full solution of the problem is out- 
side the scope of the university chemistry 
department, which can, however, make some con- 
tribution by initiating co-operative exchange 
schemes, for exemple with industrial research 
associations, overseas research and development 
departments of multinational corporations with 
local connexions, and international agencies, 

One vital function of the chemistry depart- 
ment within the university is to make it pos- 
sible for the student to acquire the fuller 
academic ‘education’ which he feels he needs 
for life outside the university. The course 
should contain options not only in natural 
science subjects - often physics and mathema- 
tics are compulsory in the first two years, 
anyway - but in social science and economics, 
There is a general feeling that 15-20 per cent 
of syllabus time should be spent on non-scien- 
tific subjects. Just as there is a need for 
'relevance' in the chemistry presented to, say, 
biologists (23), so these outside courses must 
have 'relevance' and meet the students' need, 
This inter-departmental co-operation may be 
difficult to arrange, but it is essential; 
otherwise the chemistry department itself 
turns into a microcosm of a university, pro- 
viding specialist lectures on a potentially 
wide range of subjects. These may include, as 
already mentioned, socio-political thought, 
including the function of science in society 
(28), social science and economics and, in 
addition, relevant parts of computer science, 
operations research/statistics and behavioural 
science (especially communications theory and 
psychology). Such inter-departmental and inter- 
faculty activities are rarely organized in the 
absence of real competition among universities: 
competition occurs in the U.S.A. for financial 
reasons, but in other countries only when the 
number of students wishing to enter university 
declines. This is the position now in the Uni- 
ted Kingdom and to a smaller extent in Canada, 

More complex subjects like 'research poli- 
ey' (University of Konstanz, German Federal 
Republic) or ‘business studies' might be very 
attractive to students, but are Perhaps better 
treated at the post-graduate level, Lecturers 
in these subjects gain in credibility if they 
have substantial practical experience of the 
subject: an entirely academic treatment may 
deter students wishing to use these courses 
as a preparation for careers in industry, 

With such a wide range of choice in uni- 
versity subjects, and perhaps also in indus- 
trial experience, communication among students 
becomes increasingly important. Seminars where 
participants engaged in different activities 
exchange experiences help greatly to clarify 
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the participants' thoughts, to monitor achieve- 
ment against objectives, and to spread educa- 
tive knowledge. University staff may, but need 
not,be present, although they might gain a va- 
luable insight into their own efficiency in 
communicating with their students. Too little 
activity along these lines is noticeable today. 
With a wide choice of optional courses, 
the student can prepare himself for the task 
he sees himself performing in the future and 
thus get away from the conveyor belt system 
of a decade ago when, at the end of their 
course work, all students had heard exactly 
the same material. 


The student benefits by having prepared 
himself - psychologically and educationally - 
for the time when he leaves the university; 
and the future employer benefits by having 
candidates for entry who have some knowledge 
of the problems to be tackled. The chemical 
education received by the graduate is one 
important part of this knowledge: but except 
for the 'permanent chemist', who is ‘topped 
up! at intervals, it is insufficient today. 
Such a new graduate would require extensive 
Supplementary training (29) which an employer 
can ill afford and is ill-equipped to give. 


SUMMARY 


The university chemistry department has stu- 
dents with a wide range of interests in chem- 
istry, in careers based upon chemistry, and 
in professions wherein chemistry plays merely 
a background role, The diverse needs of these 
students may be met by provision either of a 
wholly modular course (offering a wide range 
of chemical and other course units) or of a 
chemistry-core-plus-options course, where the 
options contain chemical and non-chemical to- 
pics/subjects. About 15-20 per cent of the 
course should be in non-scientific subjects. 
The chemistry department should concern 
itself with transferring knowledge and expe- 
rience across disciplines and across the uni- 
versity-industry interface, It should foster 


educative student placement in industry during 
the university course, and hold informal semi- 
nars in which students can exchange views on 
their experience in different activities. 

Options likely to be of most help to stu- 
dents who wish to prepare for a career outside 
the university include socio-political thought 
(including the function of science and industry 
in society), social science, economics, compu- 
ter science and related subjects (e.g, opera- 
tions research and statistics), behavioural 
science and related subjects (communication, 
psychology). 

More complex subjects like business studies 
or research policy can follow as postgraduate 
courses, 
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The evolution in the nature and 


structure of chemistry 


INTRODUCTION 


Apart from physics, chemistry is the science 
most involved in understanding the essential 
nature of matter. Chemistry deals with com- 
plex systems i.e. atoms, molecules and their 
arrangement, Each set of molecules, one mole- 
cule or an atom form the uniform, unique quan- 
tum-mechanical system, 

Chemistry is a very broad science, ranging 
from physics to biology. The boundary-lines 
approximate so closely, that it is difficult 
to find clear divisions. 

In the last 25 years, the development of 
chemistry has been exponential. This was caused 
mainly by the development of theory (thermody- 
namics, quantum chemistry) and by the appear- 
ance of new fields of studies (defined very 
often as chemical physics). Diffraction me- 
thods, spectroscopy, nuclear and electron re- 

magnetic and dielectric methods etc., 
allowed penetration into the electronic ren 
molecular structure, the determination o d i 
atomic distribution in compound systems and 
the recognition of interatomic and intermole- 
cular forces. 

On the other hand, the development of 
niques and methods of synthesis (high vacuum, 
high pressure, high and low temperatures) al- 
lowed the multiplication of the number of the 
systems already known, The possibility arose 
of learning about the inner structure of mole- 
cules and condensed phases, and its correla- 
tion with properties, 

These advances enabled us to obtain com- 
pounds and materials of desired, programmed 
Properties. Progress in studies on dynamics, 
enabled the tailoring of chemical processes, 
producing rapid development in industry, which 
in turn stimulated further researches, 

Achievements in studies on structure and 
mechanisms in complex systems allowed chem- 
istry to enter biology, resulting in delinea- 
tion of new fields, such as molecular biology. 


sonance, 


tech- 
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Hence, the application of large systems analy- 
sis became indispensable in chemistry. 

Development of all these new fields has 
brought forward new needs which chemistry mus 
satisfy, and caused the step-by-step destruc- 
tion of the traditional structure of chemistry 
(inorganic, organic, physical) based on 19th 
century discoveries, 

The necessity for the common application 
of physical methods in studies led to the in- 
tegration of physical chemistry with other 
parts of chemistry. On the other hand, par- 
ticular fields of physical chemistry, e.g. 
thermodynamics, kinetics, catalysis, electro- 
chemistry, physics and chemistry of solids 
have become independent branches of the chem- 
ical sciences, presenting individual, specific 
features, 

Rapid developments of the chemical sciences 
have also blurred the boundary between organic 
and inorganic chemistry, while some branches 
have become separate sciences, with their own 
set of methods, and a specific approach to the 
problems to be solved: for example, complex 
chemistry, macromolecular systems, biochemistry’ 
nuclear chemistry. 


THE NEW STRUCTURE OF CHEMICAL RESEARCH 


Research in chemistry is the best reflection 
of the new, changed character of the fields 
The chemist penetrates ever deeper me nd 
ture of matter through the develop 
ope esearch methods and the enormous 
Ce = ei The chemist now enters 
=r Crai bionaliy belonged to po 
f solids and liquids. 
=i he ees oie of the examination of 
cng sl me compound not only in ee — 
lar, but also in the ceeripckan E A e 
it really is in systems of strong in rane The 
interionic or intermolecular intera i living 
fascinating and challenging problems © 


substances require high skill for work on their 
systems, Chemistry opened the way leading to 
learning about the functions of living organ- 
isms and plays a leading role in this domain. 
The electronic materials of today: magnetic 
materials, semiconductors, superconductors, 
lasers, are chemical compounds in the solid 
phase, or liquids. Only the complete overlap- 
ping of chemistry and physics has led to pre- 
sent developments in science and technology 

but further integration will be necessary in 
order to achieve the future revolutionary pro- 
gress of science, We are witnessing the obli- 
teration of boundaries between all the domains 
of chemistry, and the creation of new speciali- 
zations - organometallic chemistry, coordina- 
tion chemistry, biophysical chemistry, bioor- 
ganic and bioinorganic chemistry. All these 
indicate the decay of boundaries among the tra- 
ditional divisions of chemistry. Macromolecular 
chemistry, because of its importance in biolo- 
gical systems and polymers - the new materials 
of today - is of growing importance, The bound- 
aries between basic and applied studies are 
disappearing. The needs of technology are now 
so great that studies require good preparation 
both in theory and in experimental work to be- 
come effective and forward looking. Basic stu- 
dies nowadays are very rarely ad hoc, but are 
planned, and lead to better understanding, 
which may provide new openings for technology. 
Structure - dynamics - synthesis, are the three 
basic fields of chemical research, and remain 
in close relation and dependence on each other. 

The greatest progress was achieved in stu- 
dies on the molecular structure of chemical 
compounds and in their examination in the con- 
densed phase, Through new research methods one 
may obtain reliable data about the structure 
and conformation of molecules, about interato- 
mic distances, electronic structure, the cha- 
racter of chemical bonding and their dependence 
on the structure. Intermolecular interactions 
have been recognized and are the subject of 
many-sided examination. Furthermore, we have 
gained a suitable mathematical language for 
the description of the structure and energe- 
tics of a molecule, The new methods allow us 
to determine structure even in short-lived 
intermediate states. 

Studies on the condensed phase structure 
are becoming ever more precise, especially in 
the case of solids, The difficulties in studies 
on structure and properties of the collective 
systems have been eliminated thanks to new 
physical theories and experimental methods, 
which allow us to obtain data even under extre- 
me conditions (high and low temperatures, high 
and low pressures). 

The role of computers in chemical studies 
should be emphasized. The chemist makes better 
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use of them than other scientists, since he is 
dealing with more complicated systems, and only 
with the help of computers can he solve the 
problems and get his questions concerning the 
substance answered. 

The traditional division of chemistry loses 
its reason in scientific research, Understand- 
ing the subtle structure of matter has created 
a new field of science - molecular engineering, 
and next, material science, 

In chemical dynamics, great discoveries 
may be expected, because less has been achieved 
hitherto in the progress of understanding and 
theoretical knowledge of mechanisms, of chem- 
ical transformations, than in the field of re- 
search on structures. The possibilities are 
great. Thermodynamics now has its theoretical 
basis - theoretical thermodynamics and statis- 
tical thermodynamics, In kinetics it is now 
possible to study fast and very slow processes 
in close relation, We witness the emergence of 
electrochemistry on a sound theoretical basis, 
and hence progress in that area may be expected. 
Chemical engineering, based upon the analysis 
of large systems, enters a new stage of develop- 
ment. 

The purpose of this short introduction is 
to illustrate the new character of chemistry, 
which turns out to be the real molecular science, 

Chemistry extends over new areas of science 
and new areas of human activity. It is a more 
vivid and creative science than any otter. Pro- 
gress in other branches of science and techno- 
logy is determined by progress in chemistry. 
The new division of chemistry was applied to 
material prepared for the 2nd Congress of 
Polish Science, in order to classify and to 
estimate the state of chemical researches, 
their results and future development, 

This allowed us to obtain a clear picture 
of chemistry and proved to be better than the 
traditional division. 


THE NEW STRUCTURE OF CHEMISTRY TEACHING 


What developments can we see inteaching, in 
the light of the rapid developments of chem- 
istry? 

It should be emphasized that in spite of 
all the progress in science, its teaching does 
not keep pace. The rapid development of chem- 
istry gives rise to growing difficulties in 
teaching. Trials and experiments are carried 
out all over the world. The problem is dis- 
cussed in various contexts, Two events which 
indicate the validity and importance of the 
problem should be mentioned here: the Confer- 
ence at Frascati (Italy) organized by IUPAC 
(1) and the Conference in Colorado (U.S.A.) 
organized by Unesco and IUPAC.(2) 
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These conferences had woken up the majority 
of universities and university-level institu- 
tions from their slumbers, Discussions, exchan- 
ges of experience and simultaneous challenges 
are the best guaranties of progress. The expe- 
riments, carried out in various countries, some 
very successful, are involved with the integra- 
ted picture of all domains of chemistry, and of 
chemistry and physics, 


THE INFLUENCE OF CHANGE ON THE CHARACTER 
AND STRUCTURE OF CHEMISTRY EDUCATION AT 
UNIVERSITY LEVEL 


First of all, it should be emphasized that the 
future of chemistry and the future of industry 
and many branches of technology, and even the 
future of mankind depends on the education of 
first class personnel, aware of the develop- 
ments of chemistry. This is a simple statement 
of fact. Education must be coupled directly 
with scientific investigations, because re- 
Search depends on education, and education de- 
pends on the level of scientific research car- 
ried out in a given university by the staff 
involved in teaching. (3) 

There are two main directions in the edu- 
cation of a chemist: basic chemistry and applied 
chemistry and chemical engineering. In Anglo- 
Saxon countries (United Kingdom, iNT 
Canada, Australia) both are represented at 
universities (chemistry, chemical engineering). 
In the majority of European countries, the 
education of engineers is carried out in spe- 
cial institutes, devoted only to chemical en- 
gineering, or at the chemistry faculties at 
technical universities, or both systems are 
present simultaneously. : $ 

No matter which of these two directions 
teaching follows, it is indispensable to edu- 
cate the modern chemist, accustomed to scien- 

ific research, 
babe aioe and in teaching. He must be 
trained to think independently, to be provided 
with up-to-date knowledge, and to know how to 
i on it. 
giana e o a education the basic role 
is played by theory - theoretical chemistry, 
theoretical mechanics (as quantum chemistry), 
theoretical thermodynamics (statistics), all 
these reflect the changed picture of chemistry. 
This situation is not yet realized in all 
countries, because of the lack of adequate 
staff and because of an attachment to tradi- 
tional teaching. (3) 
The next requirement for modern education 
is to provide students with a knowledge of, 
and ability to apply, modern research methods, 
and the simultaneous ability to analyse the 
results of studies using computers, Theoretical 
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to look for new ways in science, 


and physical research methods founded on basic 
chemical knowledge give students the possibi- 
lity of undertaking serious research on struc- 
tures, The teaching of chemical synthesis is 
also very important, but should be carried out 
in such a way as to give the student the pos- 
sibility of creating new substances, In the 
course of studies it is necessary to learn 
chemical dynamics, based upon theory (thermo- 
dynamics, kinetics) and integrated with expe- 
riments, Chemical dynamics is the basis of 
knowledge about the mechanisms of chemical 
processes, 

Such a programme of chemistry teaching 
must be based on the new structure of chemis- 
try.(4) Attempts and experiments have been 
undertaken on the structure of both education 
and programmes, (4-9) G., Hammond.and R, Nyholm 
are precursors of the new programme based on 
the new divisions of chemistry, (4) 

In 1966, G. Hammond and H. Gray initiated 
a new first-year course which was termed the 
"Hammond curriculum’, The programme and the 
first results of this method were reported by 
G. Hammond in Frascati (1968). 

At present there are only curricula based 
on some variation of the Hammond curriculum. 
The fundamental philosophy of such curricula 
is a resubdivision of chemistry, because the 
traditional boundaries are meaningless and per- 
haps harmful, and a better way of teaching 
chemistry is to recognize divisions into 
Energetics, Structure and Dynamics, rather 
than into Organic, Inorganic, Physical, The 
unifying concepts are very important in this 
programme. The years are divided into parts 
(10), for example: first year, first semester ~ 
microscopic (atomic 
Spectroscopy, 


(mole concept, ftineitons, ans 


first year, se- 


base, redox thermodynamic func- 
The first part of the 
second year consists of "physical methods', 
the secend and third are devoted to inorganic 
and organic chemistry. In these Courses, the 
earlier inclusion of crystallography, spectra 
and molecular orbital theory allows the other 
materials in the course to be presented at a 
really sophisticated level. The third year is 
divided into two parts: thermodynamics via 
quantum statistical eee and dynamics 

itl i ica] aspects). 
gy an a work in the laboratory is 
integrated and largely takes into consideration 
physical methods, In this Hammond ee 
promising students are stimulated to chemis 


ts are dissuaded from chemis- 


while poor studen (30) 


try earlier than in the usual approach, 


The Hammondoid curriculum conception, uni- 
fying traditional branches of chemistry, is 
very interesting and these programmes should 
be continued and improved. 

The departure from traditional divisions 
will undoubtedly occur very soon. This would 
enable students to understand the essence of 
chemistry more fully and to develop a wider 
outlook on all problems related to matter, 

This question was discussed during the 
International Conference on Education in Chem- 
istry (1970, Colorado),(2) in the section deal- 
ing with the structure of chemistry (G. Hammond 
and Sir R. Nyholm, chairman).(4) An alternative 
concept of dividing chemistry into three parts 
was presented: 

1. Structure and physical properties of pure 
substances; 

2. Chemical transformations; 

3. Application of chemistry to complex 

systems, 

This suggestion facilitates the classification 
of certain very important sections within one 
of the three proposed fields. For instance, 
section 1 would comprise spectroscopy, dif- 
fraction methods, magnetochemistry and other 
structural methods; section 2 would comprise 
kinetics, thermodynamics and techniques of 
synthesis; section 3 would include biochemistry, 
geochemistry, molecular engineering and material 
science. This alternative division seems to be 
more favourable and provides better solutions 
for complex systems. 

No doubt many countries have succeeded in 
achieving considerable progress in integrated 
education reflecting the altered quality of 
chemistry but the present writer is most fam- 
iliar with the efforts made in Poland. 

These efforts consist of: 

- the large-scale introduction of mathemat- 
ies into the chemical studies (4 semesters 
obligatory and 1 semester optional) ; 

- the introduction of an advanced course of 
theoretical chemistry (quantum chemistry, 
theoretical mechanics) ; 

- the introduction of an X-Ray crystallo- 
graphy course; 

- the introduction of a course in nuclear 
chemistry (1 semester) ; 

- the introduction of short courses (Wroclaw 
University and some others) in electronic 
and vibrational spectroscopy, magnetochem- 
istry, radiospectroscopy and other physical 
methods, thus providing strong foundations 
for research work by students (generally 
chemical physics) ; 

- the introduction of an integrated labora- 
tory of structural chemistry (1 semester, 
introduced at Wroclaw University in 1964). 
In this laboratory, students are taught to 
solve a definite structural problem on a 
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presynthesized substance by single-handed 

selection of research methods with utiliz- 

ation of experience gained previously; 

- the extensive application of seminars 
simultaneously with lectures starting from 
the first year of studies. 

These new features and a modified structure of 
chemistry have been most successfully included 
in postgraduate studies both in lectures and 
seminars closely related to the research work 
being carried out. 

In some American universities, specialist 
minicourses (8) in 3-week minisemesters are 
being introduced. These minicourses comprise 
certain branches of catalysis, gas chromato- 
graphy, etc. They are suitable for laboratory 
work in modern fields. Some universities have 
introduced integrated laboratory courses (6, 8, 
11), where only a general outline of the work 
is given and where the experiments are mainly 
prepared by the students. This makes it pos- 
sible to encourage students’ initiative. The 
integrated laboratory course introduces compre- 
hensive material in the form of specially plan- 
ned experiments instead of analytical, organic 
and physical chemistry. The laboratory courses 
introduced in the University of Pensylvania are 
being carried out as individual exercises on 
scientific problems.(12) Such courses have 
often a complex interdisciplinary nature, Owing 
to the rapid development of theoretical chemis- 
try in recent years, it has become necessary 
to establish a reasonable equilibrium between 
theory and practice. It was generally accepted 
that the percentage of analytical chemistry 
should be diminished but that modern analytical 
research methods should be developed since 
these methods are commonly employed in industry 
and also seem to extend students' horizons. 

As an example of a new trend in teaching 
chemistry, the experience of the German Demo- 
cratic Republic may be mentioned. Two general 
aspects are realized in this programme: (a) all 
traditional subject headings - inorganic, analy- 
tical and physical chemistry - are replaced by 
other headings; (b) the theoretical - mainly 
physiochemical - part of teaching is shifted 
more to the beginning of study than is the 
case in the traditional programme, 

Thus chemical thermodynamics and kinetics 
are given during the first and second year 
simultaneously with laboratory experiments, 
Then follow the principles of chemical reac- 
tions and synthesis including the traditional 
areas of inorganic and organic chemistry 
lytical chemistry is covered under the headi 
of chemical equilibria, given just after a 
lectures on chemical thermodynamics, A iama 
part of traditional inorganic chemistry fer 
included in lectures on structure and valency 
The basic study of chemistry is realized Š 


Ana- 
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during the first two years. The third year in- 
troduces specialization in three different 
directions - in theoretical chemistry, chem- 
ical engineering and synthetic chemistry. Spe- 
cial lectures are given for each topic. 

There are several disadvantages in the pro- 
gramme as presented: first of all, the know- 
ledge of experimental chemistry is generally 
insufficient. The main problem consists of 
achieving a suitable combination of the theo- 
retical and experimental parts of teaching, 
but this difficulty is common to all attempts 
at improving the teaching of chemistry. (18) 

Huge stores of chemical knowledge and the 
simultaneous growth of contemporary chemistry 
require another type of work to be carried out 
with students - preferably in small groups with 

constant stimulation of individual work. Such 
a system was introduced long ago in some coun- 
tries (U.S.S.R., Poland, Czechoslovakia and 
others) and the results are remarkable - pro- 
vided, of course, that the system is properly 
carried out by suitable teachers, It is worth 
noting that a system of individual education 
(Poland, U.S.S.R.) is available for extremely 
gifted students with specialized interests, 
During the course of individual studies (last 
two years) the student remains under the guid- 
ance of a selected scientist, a specialist in 
the specific field, Extremely gifted students 
are given an opportunity to undertake research 
work during undergraduate studies, starting 
from the second year. 

It is also worth noting the good results 
which have been achieved for many years in Eng- 
land through the tutorial system. In spite of 
the shorter duration of university training in 

itr ntries - because of 
comparison with other cou 


properly specialized secondary schools and work- 


ing with small groups (in colleges) Ses a 
sults obtained are often better than ne ies 
studies of longer duration in other coun cial . 

In my opinion, the most important fact 
has always been and will remain the teaching 
staff, their scientific standard, eagerness 
in scientific research work, understanding of 
developments in science and their enthusiasm 
for the teacher's and tutor's work. These con- 
siderations determine the results, 

A lowering of the barriers between teachers 
and students, observed almost in all countries, 
has undoubtedly contributed to progress in 
tuition owing to improved transmission of 
knowledge, 

Changes in the nature 


of chemistry make it 
necessary to loo’ 


k for new methods of knowled, 
ge 
gears because students are required to mas- 
er a number of essential problems and data 
within a relatively Short time 
Several expe ; 


riments carried 
years in this fi 


out in recent 
eld shoula be no 


ted - pro- 
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grammed tuition, computerized teaching, the 
Keller system. All these methods relate to 
first-year university teaching. 

Programmed teaching (8, 14, 15) employs 
published material which contains sequential 
information to be acquired by the student and 
test questions. In the so-called branched sys- 
tems, some sections may be omitted and dealt 
with in case the tests give negative results. 
The programmed book system exhibits a number 
of negative qualities (it is schematic and 
gives only a fragmentary view) and only one 
positive quality: it excludes any possibility 
of gaps in the material acquired, Some United 
States universities use this type of teaching 
for basic studies on chemical bonding or for J 
a concise course in organic chemistry and chem 
ical nomenclature.(14) This system should be 
used as a Supplementary one only and should 
not be employed for teaching wide and general 
branches of chemistry, 

Computer assisted learning (8, 16) which 
has been developed in recent years, has an 
advantage over programmed (book type) teaching 
in making it possible to converse with the 
computer, A computer provides information and 
test questions and also answers questions aS 
well as correcting students! answers, Thus it 
is not a kind of encyclopedia but rather a 
‘simplified teacher' , (16) 

Use is made of digital computers, analogue 
computers and combined Systems, Logical syS~ 
tems employed are the tutorial and the Socrati¢ 
systems, 

The first system, which is simpler, is 
based upon questions and answers. The second 
one offers discussion and conversation with 
the computer (ELIZA system developed and 
applied in MIT Education Research Center, Cam- 
bridge, Mass.), 

One of the earliest and best known systems 
is the Plato system (Programmed Logic for Auto- 
matic Teaching Operation) employed since 1950 
in the University of Illinois, U.S.A., and sub- 
sequently in a number of secondary high schools! 
colleges and state universities. The system is 
based on the extensive utilization of televi- 
sion and graphic materials and is therefore 

particularly suitable for learning patie 
istry, reaction mechanisms, It has Bee ie 
magia for teaching NMR (nuclear mag 


resonance). 
Mention shou 
numerical-graphic Sy 
Course-Writer system k 
work, It was applied in 
and quantitative analysis a 
Extensive work is being carr 
of computers for dealing with atom 
cular structure and chemical bonding 
Barbara University). At present abou 


jd also be made of an alpha- 
stem (University of Texas 
) applied in laboratory 
teaching qualitative 
nd in spectroscopy: 
ied out on the use 
ic and mole 
(santa 
+ 200 


colleges and universities in the U.S.A. employ 
this system to a certain extent and their num- 
ber is rapidly growing. It is generally accep- 
ted that its application to selected fields of 
chemical science does not lead to rote learning 
and the results obtained are often favourable. 
Application of computers in tuition at a higher 
level appears to have been a comparative fail- 
ure, 

The Keller Plan (PSI), (17-20) developed 
mainly in order to convey the basic essentials 
of chemistry in a highly efficient and system- 
atic way in order to avoid a perfunctory acqui- 
Sition of the subject, has been introduced 
fairly extensively. It enables individual teach- 
ing at a higher level. It is beyond question 
better than conventional programmed learning 
or computerized systems since it permits the 
establishment of a direct contact with the 
teacher and, more important, the discussion : 
of errors, The results obtained are encouraging 
and the stability of knowledge exceeds that 
acquired in conventional teaching, as shown in 
a number of universities in the U.S.A., Canada 
and Brazil. This project provides gifted stu- 
dents with the possibility of shortening the 
Period necessary for the acquisition of a sub- 
ject, 

It would seem that the Keller Project con- 
tains some hazards because of incomplete trans- 
fer of the subject and a deficient development 
or broadening of the student's horizons, It 
would be advisable to combine the Keller Pro- 
ject with lectures to a large extent. A more 
generalized view of the rapidly growing science 
as well as of the integration of particular 
branches undoubtedly results in a good lecture. 
The lecturer's personality and its effect on 
Students' personalities enable us to humanize 
the teaching process, The lecture should pre- 
sent Problems, stimulate scientific curiosity, 
and arouse confidence in the great future of 
chemistry, It should not, however, constitute 
& system of questions and answers by providing 
encyclopedic facts. 


THE NEW CHEMISTRY IN SECONDARY 
SCHOOL TEACHING 


Tt should be impossible for students to ag 
ter modern chemistry for the first time at a 
university, The teaching process in the — 
ary school should introduce young people a 
modern chemistry, leading to new Los gigi 
The young should look at it as a ee 
Science, leading to knowledge and the m teria 
of complex matter, as a science at parno p 
tential whose genuine future is os a ing : 
Shape, as a science which brings not only knowl- 
edge but also prosperity to all mankind, as a 


The evolution in the nature and structure of chemistry 


basis of industry and the latest technology, 

as a science which improves human health and 

prolongs life, as a basis of biology, medical 
and pharmaceutical sciences, 

The most important factor is a good tea- 
cher: therefore the training of good modern 
teachers, which is defective in most countries, 
is very important. Common efforts, based upon 
international agreements, should be undertaken. 
Chemistry is taught too conventionally in the 
secondary school, on the basis of old patterns 
and the traditional divisions of chemistry. 
(21, 22) 

The most considerable progress has been 
made perhaps in the United Kingdom where stu- 
dies carried out in both secondary schools and 
universities indicate the great importance of 
initial education, (23) 

The secondary school should already reflect 
the integration of such sciences as chemistry, 
on physics, on biology. Exciting topics and 
development trends should be pointed out. 

The secondary school can provide firm prin- 
ciples of chemistry integrated with physics, 
on a good mathematical basis. Teaching proces- 
ses in the secondary school are different in 
various countries. It is most essential that 
the teaching of chemistry should take Place in 
the last grade of the secondary school. This 
provides an excellent introduction to univer- 
sity studies and stimulates recognition of the 
importance of chemistry as a basic science and 
its significance in the economy. In most coun- 
tries chemistry is taught, in fact, for a few 
years, including the last grade of the second- 
ary school, A regrettable exception is Italy 
where chemistry is taught for only one year 
at school - in the penultimate grade. In some 
countries (for example, Poland) chemistry is 
not taught in the last grade of the secondary 
school, which militates against an interest 
in the exact sciences, 

In many countries, specialist combinations 
are being introduced during 2-3 years; in Eng- 
land this system was adopted long ago. The most 
popular and helpful one in the United Kingdom 
is the specialist combination where particular 
emphasis is put on mathematics, Physics and 
chemistry; the combination chemistry, physics 
and biology is less popular. In the Federal 
Republic of Germany, specialist combinations 
comprise physics and chemistry; in Poland, 
chemistry and biology. This last combination 
is less helpful for the future development of 
chemistry since in this case chemistry appears 
only as an auxiliary to biology. 

Given the present tide of development and 
the significance of the exact sciences, the 
Specialized combinations are the only way to 
achieve a suitable preparation of students for 
both the basic and the applied sciences, It is 
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Possible to arouse interest in chemistry and 

in research work in this field in the secondary 
school. It seems that the best specialization 
in the secondary school is a combination of 
mathematics, physics and chemistry or, alterna- 
tively, physics, chemistry and biology. The 
latter combination would comprise preparation 
for biological, medical and agricultural stu- 
dies. 

In order to master chemistry properly, 
teaching methods should be improved. The Nuf- 
field system (24-27) introduced as an experi- 
ment in some schools in the United Kingdom, 
seems to yield good results. The Keller system 
may find some application in the secondary 
school. Both these systems allow for the new 
nature and structure of chemistry. 

The strongest feature of the Nuffield Pro- 
ject is, in my view, the possibility it offers 
of a wide view and the provision of general 
principles rather than concise instructions in 
chemistry. This method, initiated in schools, 
proved to be efficient and is now also used in 
the universities.(28) Pupils taught by the Nuf- 

field system, may not have a thorough knowledge 
of the facts but they display a considerable 
"chemical intellect’ and not merely a chemical 
one, It is beyond question that the interdepen- 
dence of physics, chemistry and biology has 
never been so evident as in the Nuffield system. 
The essential part of the system is the physio- 
chemical principles, e.g. thermodynamics close- 
ly related to the energy of chemical bonds and 
electrochemistry; chemical engineering firmly 
based upon physical chemistry and presented as 
an outcome thereof. The law of periodicity, 

} i d reaction mechanisms 
structural chemistry an 

A f chemical teaching. On 
form the principles 0 ne may talk 
the basis of the Nuffield system, 0 


F: 
about 'teaching through chemistry $ 

The Nuffield system provides? 

- a broad outlook on the natural seien 
A ility to propose 
- development of the ability F 7 
hypotheses and to draw gonen inae, 
- discussion of difficult problems an 

methods for solving them. "3 
As Piaget has observed (29): ‘The goal of em 
cation is not to increase the amount of o g 
edge but to create possibilities for a child 
to invent and discover, to create men who are 
capable of doing new things’. 

The above considerations indicate that 
integration within chemistry and its real in- 
tegration with other related sciences, should 
be reflected in the teaching process both in 
the universities and secondary schools. This 
is a prime condition both for good teaching 
results today and for development in the fu- 
ture, The teaching process must be a true 
reflection of the chemical sciences, and must 
be closely integrated with its changing struc- 
ture, 


iences; 
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CONCLUSION 


Various conclusions may be drawn on the basis 
of previous deliberations and discussions du- 
ring the ICICE held in Wroclaw. It is obvious, 
for example, that the major change in the na- 
ture and structure of chemistry has been a Con- 
siderable breakdown of the barriers between 

the traditional divisions of the subject, and 

this breakdown should be reflected in the 

teaching of chemistry: 

1. The general chemistry course at the start 
of chemistry studies at university level 
should introduce elements of quantum chem- 
istry, thermodynamics, kinetics. 

This allows a proper understanding of the 
electronic structure and the periodic SYS" 
tem, It should give the theory of bondiné 
and molecular structure and provide stu- 
dents with a basic knowledge of the chem- 
ical elements and compounds. 

2. Education in modern chemistry should have 
a sound mathematical basis but questions 
relating to the teaching of mathematics ~- 
how much, how soon and of what kind - mus 
depend on the individual character of the 
university. f 

3. The changes in the nature and structure ° z 

chemistry bring about a decreasing emphas 

on predominantly descriptive aspects and i 

increasing emphasis on more theoretical BF 

pects, 

Theory should be closely connected with ere 

periment, so as to help in the solution 4” 

explanation of concrete problems, 

5. Consideration should be given to new phy- 
sical methods and the appropriate divisio” 
of science through minicourses: in spectro" 
scopy, magnetochemistry, dielectric methods’ 
electronic and nuclear resonance, etc. a 
These methods should be applied to the s01" 
tion of concrete structural problems. A 5€% 
parate course of X-ray diffraction should 
be introduced. It is also necessary to te@° 
students the application of computers to 
chemical studies and to teach them to han- 
dle computers freely. 

6, Potential advantages of new programmes on 
clude the enthusiasm of students end er 
functional, operational approach $o tages 
study of phemintry. A OUERT ela 
include loss of t 


i ter investment of 
ly, a grea 
almost certain 


fac- 
ey may also require a 
range ak across his own subject 
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ulty member to 
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important divis 
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10, 


11, 


12. 


15. 
14, 


(coordination chemistry), non-transition 
elements chemistry, chemistry of metalo- 
organic compounds, chemistry of hetero- 
cyclic compounds, chemistry of aliphatic, 
aromatic, alicyclic and other compounds, 
Physical chemistry as taught currently 
should be replaced by separate courses in 
thermodynamics, kinetics, electrochemistry, 
ete, 

A broad course in structural chemistry 
should be introduced and integrated labo- 
ratories for students in structural chem- 
istry, comprising problems of the whole of 
chemistry, should be established. 

The scope of classical chemical analysis 
should be limited and replaced by broad 
teaching of the methods of instrumental 
analysis, 

Biochemistry and biophysics should be broad- 
ly considered in chemical studies, e.g. as 
part of a study of complex systems, 

The teaching of basic, modern chemical syn- 
thesis should be integrated with modern 
research methods. Laboratory work should 
introduce specialization on the basis of 

a broad approach. 

New techniques of teaching in some univer- 
sities (e.g, audiovisual teaching, compu- 
ter programming) should be tried out. 

We should give up the good lecture as 

the basic form of instruction, 

Seminars should be used for small groups, 
beginning from the first year of studies, 
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Lectures should be related to seminars and 
other teaching situations to improve the 
self-confidence of students, e.g. seminars, 
parallel with lectures, for which the stu- 
dents elaborate the problems with the help 
of the literature. 

Industrial chemistry should be taught in 
the modern way, on the basis of chemical 
engineering. The latter should be directly 
connected with thermodynamics, kinetics, 
and other fields of chemistry, as their 


consequence, Students should learn how to 
make the transition of a process from the 
laboratory to the industrial scale, 


Non-chemical 'packages', e.g. economics, a 
foreign language, chemical education, etc., 
should also be offered in association with 
the chemical packages, the student being 
largely free to choose a 'mixture' to suit 
his personal interests and abilities. 

The secondary school should offer the pos- 
sibility of well-learned chemistry and awa- 
ken an interest in it, through acquaintance 
with the divisions and abilities of chemis- 
try, without the accumulation of unnecessary 
details. The secondary school should present 
a broad picture of chemistry and its con- 
nexion with other natural sciences, Labora- 
tory work (performed by students as inde- 
pendently as possible) should teach self- 
confidence in the planning of one's own 
work, independent understanding and the 
solution of problems. 
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The changing characteristics of students* 


METHODS OF ANALYSIS 


The main method of analysis for this subject 
seems to be the questionnaire, including tests 
and measures, applied to different samples: 
national institutions, students and graduates, 
teachers and professors.(1 to 21) Surveys by 
experts are not so common (22, 23) and even 
observations (direct, film, TV) of individuals 
and small groups, or interviews with a struct- 
ured but relatively free dialogue, have been 
less used, in spite of their applications in 
other fields, Statistical methods are standard 
for the interpretation of data, 

An important point to remember is that stu- 
dents' opinions and behaviour are generally re- 
ported by adults and this mediation is almost 
impossible to escape, not only in respect of 
the output as data and results but also at the 
input level, through transmitted cultural pat- 
terns and propaganda. It is very difficult to 
detect these influences as separate factors in 
the characteristics of students, but it seems 
advisable to listen directly to the students 
themselves, preferably those who are mature and 
those who have already got their degree in chem- 
istry or in non-science subjects. Professional 
associations could be used to organize consul- 
tations with the latter. 


DISCUSSION OF FACTORS 


Using a broad interpretation of the word fac- 
tors, we have classified them in two groups: 
(a) the personality of students in relation 
to learning science; (b) general factors in 
their background and previous training. 


Personality of students in relation 
to learning science 


If we consider the high proportion of the rel- 
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evant literature which suggests a revulsion 
of students from science in some countries, 
it is difficult not to be alarmed. But if we 
inquire into the contents of those papers, t 
situation is seen to include different nuances’ 
(24 to 28) . 
Grounds for alarm may be found in some pE 
resentative phrases: the most capable studen 
are no longer choosing college majors in UE y 
physical sciences and universities lower the 
admission standards for science applicants» j- 
comparison with those applying for social N 
ence and the arts; we, as chemistry profess?) it, 
have asked the student to do too much, t0° 
too soon, and we have asked him to keep # 
too long, we have looked at the student 2° 
statistic; improved teachers, courses an 
equipment are not enough; the theme of th 
rebellion is that science is an inhuman 4 
pline, the fruits of science are seen 4S Phe 
lution, toxic drugs, chemical warfare anå h 
nuclear bomb; science has modelled high 5° 
curricula after science itself and its Tol? 
the university; science is a necessary €V 
Let us consider a few questions: wnat 
- Do students entering high school know 
Science really is? jce 
- How does early specialization and ch? 
of subjects affect students' decisions 
about their careers? yes? 
- How does the term physical science 1™P7 
the students, as an image of chemistry’ 
- If the humanities are one of the domé 


is 
gsod- 


* Because it would have been very aitficul™ 
to cover the complete field, attention stu 
been focused on the characteristics ° 
dents at the age of university entranc® 
(about 17), while keeping an eye on toate: 
transition from undergraduate to a othe", 
This did not exclude the treatment ijon of 
levels. The requirements of each gec 
this paper were interpreted flexibly. 


of culture, does this imply that the other 

domain, where chemistry is located (science) 

should be called the inhumanities? (anti- 

humanities? non-humanities?) 
Some answers are suggested in the same papers: 
the high school students have somehow developed 
an inaccurate image of science and the scien- 
tist; re-examination of the presumed need for 
science students to begin specialized study 
early is surely in order; that a young man who 
plans to major in any branch of science has to 
make this weighty decision while still a high 
School senior is patently absurd; there has 
been too much emphasis by counselors and teach- 
ers on the difficulties of science courses and 
excessive stress on the college-preparatory 
function of science courses in high school; 
a major purpose behind change in science curri- 
cula and teaching methods was to influence the 
career choices of youth; the students resent 
governmental manipulation of the curricula 
accomplished by means of financial incentives 
for the purpose of meeting national manpower 
needs, Biology, social sciences, psychology 
and economics are the beneficiaries of the 
rejection of physics and chemistry. 

Low enrolment in agronomics and veterinary 
Science has appeared in some agricultural coun- 
tries and offers a hint that market demand is 
not by itself an exclusive factor in career 
election, It would seem that some lectures, 
with films and debates, led by first-class 
professors and teachers (missionaries) during 
the two years before the decision between 


Science and non-science inst be mae EE 
> thod of attr j 
e a very effective me university 


dents. Science fairs prepared by 
students and offering an opportunity for seraa 
ary students to exchange ideas and receive opin- 
ions from senior students, would be Sraa 
interesting method, These two processes mus A 
point to a definite objective: TEOREMON o 
chemistry as such, and of chemists as rea 
people, The mass media should give a more 
exact and precise image of science an 
ularl chemistry. 

rie set of attitudes towards science 
is expressed along the line:(27, 28) the a, 
rent emphasis on science requires humility anı 
a sense of proportion (29) on the part of the 
scientific community but it is characterized 
by: (a) an overemphasis on basic science at i 
the expense of applied science, (b) a eeka = 
thinking which does not allow for human re e 
tions or interpretations, and (c) valuing re- 
search over action, In developing countries, 
these criticisms are particularly stressed 
because to denigrate the applications of science 
in those nations is more than mistaken, it is 
lethal. On the other hand, some applied science 
faculties overemphasize applications and do not 
teach basic chemistry adequately. 


d partic- 
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The concepts of integrated science have 
been permeating through secondary school to 
university level.(30) Intellectual and cultural 
partnership between disciplines should be en- 
couraged through relatedness and interdisci- 
plinarity and avoiding laminated courses: a 
layer of biology, a layer of chemistry and a 
layer of physics. The key words to remember, 
from primary to higher levels, are: integrated, 
coordinated, differentiated but unified and 
interdisciplinary. 

The problem of the two cultures is in the 
air as noted earlier in reference to the fact 
that humanities and inhumanities have both 
become disgraceful words. What does humanism 
mean? At least three concepts: 

(a) a way of life and thought which is opposed 
to theism and which takes as its basic con- 
cern the self-realization of human beings, 
as the measure of all things and the centre 
of the cosmos; a doctrine defined as a phi- 
losophical school by Schiller during the 
19th century; 

(b) a secular movement started in Italy during 
the second half of the 19th century, orig- 
inally representing Greco-Latin neo-clas- 
sicism as a source of inspiration and a 
break with scholasticism. 

(c) a popular name for such qualities as 
generosity, sympathy and kindness, more 
properly called humanitarianism, 

The generalization of the second meaning was 

fatal for science because Galileo, and modern 

physics with him, was born one century after 
humanism; Lavoisier and modern chemistry 
appeared much later, Consequently both physics 
and chemistry were considered neither humani- 
ties nor, by popular consent, human. The split- 
ting of the two domains of intellectual activ- 
ity apparently originated in this confusion, 
and has its consequence in the increasing gap 
between the literary and scientific poles, 

On the other hand, there has now developed 
a new wave that distrusts and rejects the very 
processes of reasoning and rational discourse, 
This type of anti-science is in the air we 
breathe today: science has been defined as 
anti-life (32) contemporaneously with the 
rise in parts of the world of subcultures 
of youth. 

Of course, the reaction differs across 
the world, ranging from tumult and diminishing 
enrolment to neutral silence.(33) Perhaps it 
is too much to ask for a document written by 
young people, looking upon science as some of 
us did when we were students, 
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General factors in background and 
previous training 


The educational system and curricula of a coun- 

try are naturally important factors influencing 
both background and previous training.(34, 35) 
Of the other sociological and economic factors, 
family income has been studied fairly comple- 
tely (36) in some countries, but references to 
political systems, cultural patterns and relig- 
ious beliefs as factors affecting the character- 
istics of students are scarce, 

It is recognized that education given be- 
fore primary school is decisive and that if 
there are reasons which hinder pre-primary edu- 
cation, the first two years of primary school 
must take account of this situation. (36) 

Availability of schools and universities 
is another important influence and measures 
have been taken to develop radio, correspond- 
ence and TV teaching. (37) Help by senior stu- 
dents in teaching younger ones is recommended 
at every level of education, especially for 
backward groups. 

However, the main question is: who attends 
schools and universities? Statistical data pro- 
vide some answers.(38) It seems that two import- 
ant influences in some countries are family in- 
come and parents! education. Curative measures, 
such as scholarships and levelling-up courses, 
may be adopted to extend opportunities to low- 
income and backward cultural groups, but the 
emphasis must be on planning prevention because 
in education remedies work only for the survi- 
vors and the original total population is lost. 

In some countries, according to a specific 
scheme related to the needs of the State, the 
student population reflects the composition of 
the whole population so that family income is 

not a main factor and parents’ education is 
not relevant in the students’ choice of oes 
It should be borne in mind that in certain coun- 
tries science is regarded as a neutral aak P 
tion of facts and their relations, neither goo 
nor evil in itself; similarly financial support 
is considered as a hint, not as a manipulation. 
The creation of a climate by primary and 
Secondary schools is directly connected with 
the cultural pattern in determining students 
behaviour, values and beliefs, Many authors 
Support the view that inspired teachers may 
be more influential than systems, techniques 
or even patterns; others hold that science is 
considered a difficult field, building resis- 
tances and prejudices against its choice (39) 
because enrolment in high school is probably 
linked to achievement during the first years, 
The advice of counsellors and the quality of 
courses deserve more attention (40) as operat- 
ive factors in attracting secondary school 
students to science, 
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Language is accepted as an important basis 
for the background of science students but more 
research work seems necessary regarding the in- 
fluence of verbalization on achievement in 
scientific subjects. 

Mathematics is the other base in starting 1 
and following a study of science. Seete~au tT 
prestige provokes ambivalency and controversia 
arguments about its value: most consider it 
important and beneficial but others see it as 
difficult and lacking flexibility. 

On the other hand, for many people, chem- 
istry's image is that of a natural rather than 
a physical science, and it may happen that for 
them physics has a better reputation as an acé@- 
demic subject, Similarly, some professors of 
chemistry are switching to bio-chemistry. The 
explanation of this switch may be related to 
the comprehensiveness of biochemistry, to its 
research activity, because things are happening 
there, and to the feelings of students who até 
convinced that biology is more directly con- 
nected with social demands than chemistry. 

Other professors of chemistry believe that 
Some of the current teaching of biochemistry 
is not basic chemistry any more, but that in 
itself it may afford a strong motivation to 
Pursue the study of chemistry, 

The mathematization of science may be Gor a 
sidered an accomplished fact, but the level a” 
methods used to mathematize scientists - chem- 
ists in particular - deserve special discussio” 
in terms of a detailed curriculum and coordiN- 
ation at each step, paying attention to the 
transition to modern mathematics, The manage- 
ment of this process may stimulate or inhibit 
the interest of students in Science, An U.S-S+™" 
report by Professor Platé in the 
istry Teaching at University Level illustrates 
the present position at a higher level, (41) 

The methodology and structure of chemistry: 
which are the subjects of other chapters in 
this publication (papers by Jezowska-Trzebia- 
towska and Achmad) have, of course, a signific- 
ant influence on student attitudes, 

The absolute number of students entering 
university courses has increased practically 
everywhere; though percentages show diminish- 
ing figures for chemistry in several countries» 
they are not so acute as for physics. As we 
have said, the beneficiaries in those cases 
have been biology, social sciences and econom 

CS. - 

i There has been much concern with the level 
ling-off or percentage falls in enrolment a 
most developed countries, but the only won 
hensive investigation made (42) arrives SIze 
these general conclusions: the met a exe 
countries do not in general appear to exon 
panding their efforts in chemical ee - 
at any great rate, if at all; and the 
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oping countries are in no position as yet to 
make really significant contributions on a 
world scale. For many years to come, the demand 
for people trained in the many branches of chem- 
istry will increase as more countries develop 
and maintain chemistry-based industries, and 

as the technological basis of general industry 
broadens and intensifies. The limited data pro- 
vided on schoolteachers suggest a falling off 
in the recruitment, and also probably in the 
quality, of the primary producers of one of 

the world's most urgent necessities: trained 
manpower, Judged by the light of expanding re- 
quirements, the world picture of chemical edu- 
cation since about 1961 is not encouraging: at 
best stagnation, at worst a decline sufficient 
to slow and even halt economic growth, If the 
past and the present are any criterion, a short- 
fall of qualified manpower in the developed 
countries will tend to deprive the developing 
countries of their own comparatively few and 
precious qualified people. It is no great con- 
tribution to the well-being of the world to 
provide university places for students from 
these areas if they are not encouraged to help 
relieve the pressing needs of their own coun- 
tries, Instead of being net exporters of scien- 
tific and technological manpower to the devel- 
oping countries, the industrialized nations are 
net importers from them, and this can only Ş 
accentuate what will surely prove to be one o 
the most bitter causes of world tension in the 
future. 


To explain these inverted trends in devel- 


oped and developing countries as a consequence 
of changing characteristics of students seems 
rather awkward, since obviously 4 difference 
is involved in potential demand which stimu- 
lates a real surplus of chemistry graduates, 
based mostly on the effect of expectations in 
the developing countries. 

Binet, the choice of career and work id 
a point of interest in detecting the attitude 
of students, The science-teacher image, even 
at primary school, is fundamental in that 
choice, About the profile of the young science 
graduate, (43, 44, 45) some countries show 
inherent aspects as well as others which are 
common to all chemistry departments. 


WORKING HYPOTHESES 


From the Renaissance and the great geographical 
discoveries, the discharge of energy and desire 
for adventure, perennial needs of youth, began 
to be satisfied at an early age, say around 15 
years. Army and navy service, exploration and 

conquest, search for minerals and other resour- 
ces, missionary work, were opportunities which 
attracted young people and allowed promotion 
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to unprecedented numbers, sometimes of very 
humble origin. One may argue that the average 
expectation of life was under 40 in those days, 
but the fact remains that through such chan- 
nels, and others, energy and the adventurous 
spirit, tinged with fantasy and ideals of 
youth, had available outlets. When this situ- 
ation began to be reversed, when the possibi- 
lity of action at an early age for adolescents 
became restricted through schooling, sports 
and controlled social relations, coincident 
also with the development of public education 
and the final establishment of secondary 
schools (19th century), Bohemian life in big 
cities had started to serve as a nucleation 
centre for young people. 

An open desire for understanding and eman- 
cipation, a hidden appetite for philosophical 
explanation, can also be traced to about that 
age - demands which, if they are not given due 
attention, may find substitutes in slavery to 
a gang, superstition or exploitation by false 
guidance, Irrationalism, anti-science, indif- 
ference, unrest and rebellion may be connected 
with these trends, but we must also consider 
honesty, spontaneity and initiative, loyalty 
to the authentic teacher, stamina for effort 
in support of ideals, craving for a leader, 
instability and sympathy for change, freedom 
in thought and behaviour. 

We must also remember a conviction which 
permeates society and which may be summed up 
in the phrase, ‘education is a value which 
cannot be taxed or confiscated’. Added to 
rising living standards and population increa- 
ses, these are the explanations for the higher 
numbers enrolling in universities everywhere, 

The influence on education of historical 
factors, such as the Second World War and sub- 
sequent conflicts, and of social factors, e.g, 
co-education, taken for granted in secondary 
schools, has not been scientifically studied 
in connexion with the change of attitude 
towards science and the upheavals in the uni- 
versities of some countries, 

The problem is how to get an equilibrium 
or a steady state between all these forces 
and as chemists we can see that we must try 
to get a mild 'Le Chatelier psychological 
effect’ into adults' actions. Schools with 
discipline, sports with norms and umpires, 
and controlled social relations consistent 
with moral order will add the stabilizing 
ingredient of freedom to the joy and laughter 
of romantic and bohemian life. What is disturb- 
ing is the spectrum of violence which must be 
checked at some point, if human and institu- 
tional disintegration are to be avoided, 

Fr ye ep hag gin ee iy s pog 
mental factor in : jal. Sas aoe 
Social and political changes, 
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today stimulates in society (including, of 
course, young females) both beneficial effects 
(in some innovations and spontaneous actions) 
as well as disruptive ones (when it foments 
the generation gap and moral chaos), 

Preaching and motivation will not be 
enough; love, sense of humour, intelligent 
knowledge, honesty and firmness seem to be 
the answer in education and elsewhere, 


ISSUES AND CONCLUSIONS 


We can now apply the Socratic-dialectical me- 
thod to reconcile this information by asking: 


- Is the term 'student' adequate when refer- 


ring, nationally and internationally, to 
such statistically diverse groups? 
- Are the changes in students’ characteris- 


tics permanent and Significant or are they 


relatively minor and transitory? 

- How are these characteristics related to 
the process of science teaching-learning, 
particularly in chemistry? 

- What can we do to improve conditions? 

We assume from the start that the published 
conclusions cannot be generalized to the dif- 
ferent regions of the world, partly because 
there is a lack of comprehensive data about 


most of them, and partly because in each coun- 
try the kinds of schools and university depart- 
ments are heterogeneous. Besides, it is evident 


that, without detailed supplementary explana- 
tions, we cannot compare data from countries 
with different educational standards and sys- 
tems, especially those which have chemistry 
before physics (both being optional in high 


school) with others where physics and chemistry, 


in that order, are studied by every secondary 
school student. (46) f iE 
Some more specific questions may no 
raised: 
- Are the present content of chemistry gn 
the teaching methods used appropriate for 


the bulk of students, from the very begin- 


ning of their rational life?(47) This 


human interest and scientific rigour, all 
simultaneously? 

- Should teaching-learning methodology go on 
its way towards personalization under guid- 
ance and towards small tutorial groups, Or 
must we try to combine the best of each 
approach including good lectures and stand- 
ard average pacing? 


With the sole purpose of launching tentative 
conclusions, some openminded suggestions are 
offered for the future. 


1. We can contribute to channel positive and 
even negative characteristics of students 
through good teaching of science starting 
at an early age. Good teaching is relevant, 
plain, rigorous, imbued with human interes 
and social sensitivity; has a selected mo- 
tivating content of basic principles, €x- 
perimentation, numerical and conceptual 
problems and applied knowledge, introduced 
by means of scientific methodology train- 
ing (process approach). The image would be 
education through science. 

2. Integrated science may go from pre-primary 
to an age in which coordinated branches of 
science are differentiated as pedagogicallY 
convenient disciplines, when quantitative 
reasoning and abstraction powers allow @ 
more mature perception of science (four- 
teen years old). Chemistry, if possible, 
after physics in this scheme; when special- 
ization occurs at high school, some kind 
of reform is advisable to avoid premature 
irreversibilities in the choice of non- 
science subjects. 

3. It must be stressed that chemistry is as 
humanistic as any other Section of knowl- 
edge; that we cannot understand our world 
and our times without learning real, undi- 
luted science with the required verbaliz- 
ation and mathematization; that there is 
in science enough of the spirit of adven- 
ture to satisfy all the range of personal- 
ities, from poets to soldiers; and that 
science and its applications are not evil 
by themselves but depend on the uses made 
of them through administration, management 
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question applies to every branch of science. 
Is the level of reasoning, qualitative and 
quantitative, correlated to the level of 
aptitude of most students at each stage? 
What are the adequate doses of verbaliza- 
tion, audio-visual aids, mathematization, 
and lab work required for the development 
of each Subject and as a general strategy 
for attracting the student? 

How many answers and how many problems are 
there in each topic and course. (48) How 
much integration, coordination, unification, 
differentiation? How much historical ap- 
proach, social implications, descriptive 
material and applied knowledge with enough 


= 


and politics. 
Participation of senior students is strongly 


recommended, in teaching, in giving eee 
about courses once approved, and in Pea 
work, as early as possible at each T 
Of course, abundance of jobs and financ 


anne 
support will increase atriraction m? Pn 
quotas may direct the students, bu pulating 


i 
inventives are not free of the man 


is- 
effect, which is not attributable to m 


are 
sionary teachers and professors oe soient? 
sent to tell and show students w ious *° 


V 
really is, at the proper moment pre 
their choice. 
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munion in realization and creation, the 


5. Harmony and equilibrium of the factors 
love and stamina needed for survival in 


mentioned throughout this paper, coordin- 
ation between mathematical and logical freedom and dignity, and the attitude of 


thinking with scientific results about respect for, and an expectation of, jus- 
the material world, will lead to education tice from authority. 

through chemistry, accepting Goethe's To face all these problems we must study fac- 
statement, 'To think and to do, to do and tors, do research on situations and continually 
to think, is the sum of all wisdom’, With discover new solutions and go beyond the sub- 
these objectives in view we shall convey ject of this paper, interconnecting with other 
to the student not only intellectual knowl- fields related to the responsibilities of our 


edge but also the tenderness of human com- position as educators. 
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RECOMMENDATIONS 


1. The role which chemistry plays in industry 
should be intensified and taught at schools. 
The definition of what a chemical industry - 
or semi-chemical - is must be clarified on 
the basis of 'chemization' of industry. 

2. To inform and give guidance for: 

(a) career choices 

(b) living in a technological age 
The activity of groups of 'missionary'pro- 
fessors and teachers, as vocational guides 
to students in secondary school should be 
expanded, Expertly made films and a stand- 
ard booklet about 'What is Chemistry' would 
facilitate their task. 

3. Science fairs and science clubs, directed 
by both students and staff, to provide 


training in the scientific method and to 
emphasize the importance of chemistry in 
daily life, should be encouraged. 

4, Students! and young professionals’ opinion, 
about Chemistry teaching and careers shou 
be consulted as an essential feed-back. 

5. Involvement of senior students in teaching. 
when possible (for instance in laboratory 
work), should be encouraged, 

6. Early active participation of students in 
research programmes should be extended. 

7. Data and information about different a 
models of students' characteristics shoul 
be collected from all over the world, co?” 
sidering that students change and develop 
in different ways according to social an? 
political models, 


Up-to-date and precise learning 


objectives in chemistry 


INTRODUCTION 


There are many models for curriculum design, 
(1) but the essence of them all is a cycle ~ 
with stages of the type shown in Table 1. This 
Paper is concerned with stages 1 and 2 (aims 
and objectives), but because curriculum devel- 
opment is a cyclic process these two stages 
cannot be isolated completely from the others. 
The words aims and objectives are sometimes 
used synonymously, but in discussing a curricu- 
lum it is usual to make a distinction. 

Aims are the broad intentions of a ounn, 
whereas objectives refer to detailed speci me 
ations of the knowledge, skills, abilities an 
attitudes which should be possessed by the stu- 
dent at the end of a particular study. The dif- 
ference between aims and objectives and the 4 
contrast with the traditional topic- or content- 
based syllabus is illustrated in Table 2. 

Some authors replace the word elena 
by other expressions, introducing et gia 
of meaning, In this paper objectives wi 
used to cover any of the terms in Table a m 

The main problem with aims and objectiv 
is that of the level of specificity. It is 
self-evident and uncontroversial that courses 
should have aims. However, when these are spe- 
ecified in a list, they often seem too broad 


Table 1. The stages of curriculum 


1. Decide the aims of t.e course 
2. Specify the objectives 


3. Select the course content ; ið 
4, Decide which teaching/learning method(s 


to use 
5. Specify the assessment method(s) 
6. Make a reappraisal of items 1-5 


by M. J. Frazer 


and too vague to be of use in guiding either 
the teacher or the student. Many teachers still 
prefer the aims to be implicit rather than to 
be listed explicitly. This situation must be 
deplored. Nevertheless in an increasing number 
of institutions, in various countries, state- 
ments of the aims of courses in chemistry are 
being specified. Some of the factors affecting 
the selection of aims, and recent trends (im- 
plicit and explicit) in the aims of chemistry 
courses at secondary and tertiary level are 
presented in the next section. 

Aims may be too general but, on the other 
hand, there are many who believe that object- 
ives are too numerous and too specific to be 
of much value in education. A description of 
the attempts to define objectives in the study 
of chemistry, accompanied by examples, is given 
later and in the final section there is a cri- 
tique of the use of objectives in the teaching 
and learning of chemistry. 

Because some consider that aims are too 
broad and objectives too detailed, intended 
outcomes of courses are sometimes defined at 
intermediate levels of specificity, and ex- 
pressions such as goals, intermediate aims and 
intermediate objectives are used by some au- 
thors. Intentions of chemistry courses so de- 
scribed are naturally included here. This 


development - a cyclic process 


What are the students to learn? 


How can this learning best be achieved? 


How can the extent of learning be measured? 


How much has been learnt and should 1-5 be 
altered or improved? 
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Table 2. The difference between aims and objectives 


Item from a 
typical content- 
based syllabus 


Example of an aim related 
to this syllabus item 


Example Equilibrium 


Comment A single word does 
not convey to the 
teacher or to the 
Student the level 
or emphasis re- 


The aim of this course is to 
illustrate the concept of 
chemical equilibrium, and 
to present the relevant 
thermodynamics, 


This gives more detail, 
but still does not make 
it clear what the student 
should be able to do at 
the end of the course, 


Example of one objective 
related to this aim 


By the end of the course the 
Student should be able to cal- 
culate the partial pressure of 
gas at equilibrium, given the gas 
phase reaction, the value of Kp, 
and the partial, pressures of 

all the other components. 


To cover the topic ‘equilibrium’, 
many statements of this type 
would be required, See Table 10 
for further examples, 


quired, 


Table 3. Words used to qualify or 
replace objectives 


eS 


Ultimate goals Intended outcomes 
Behavioural objectives Expected outcomes 
Operational objectives Desired outcomes 
Performance objectives Behavioural outcomes 


Performance specifica- 
tions 


Learning targets 


Learning specifications 
———E——————————————— ee 


Table 4. Factors affecting the selection 


of aims 
Students Their needs, aspirations and 
motivations. 
Their existing levels of knowl- 
edge and abilities. 
i for trained 
Society The requirements 
manpower. , 
The requirement for an educated 
society". i 
The costs (facilities and time), 
Teachers Their knowledge and abilities, 


Their acceptance of change, 
The subject Its values, knowledge and 
structure. 

Its changing nature. 


* General education might be defined as pre- 
paring for a full and useful life in con- 


temporary society. 
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paper is not concerned with how to achieve 
the aims and objectives, nor with how_to 
assess whether they have been achieved. It 
is concerned with the methods and problems 
of defining aims and objectives, and with 
highlighting current trends. For general ac- 
counts of the problems of curriculum design, 
and of defining the intentions of courses 
there are many standard sources.(1 to 6) 


AIMS 


Why study chemistry? In the broadest sense 


the aims of chemistry courses (secondary or 
tertiary) are threefold: 

1. to prepare students for professional ca- 
reers in chemistry; 

2. to contribute to a general education* 
using chemistry as a vehicle; 

3. to inform future citizens of the nature 
and role which chemistry plays in every- 
day life. 

At secondary level, the order of importance 
is 3>2>1, whereas at tertiary level this 
order is reversed, 

At any time in history in any particular 
part of the world factors of the type listed 
in Table 4 will have certain priorities 
placing more or less emphasis on these three 
broad aims, It is not implied that there are’ 
or should be, three distinct types of courses 
nor is it implied that preparation for a pre 
fessional career is not an education itself. 
In fact, this broadest division of aims ai 
little value in leading to selection of a 
tent or learning experiences, What tamer 
is a higher level of specificity of aims 


the expectation that these will overlap the 
three broad areas. 

Secondary level. Courses in chemistry have 
always had aims, but usually these have not 
been specified in written lists. Often the tea- 
cher and the student have assumed the aims from 
the context of the educational situation. It 
may not be too cynical to state that at the 
School level the aims of many teachers was, 
and in some schools still is, to help their 
Students pass an externally imposed examina- 
tion; and the students see their aims in the 
Same way, The aims become related to a content- 
based syllabus and to past examination ques- 
tions. This leads to an overemphasis on recall 
of factual material. 

In the last 15 years there have been sev- 
eral major developments of chemistry curricula 
at school level, mainly in the 13-18 year age 
group; (e.g, in the U.S.A., Chem. Study; and 
in the United Kingdom, the various courses 
Sponsored by the Nuffield Foundation and by 
the Scottish Education Department). 

These courses were all designed with the 
intention of improving learning both about, 
and through, science. There was much more 
emphasis on understanding and using science, 
and much less requirement for the recall of 
factual material. Finally these developments 
had in common the notion that students should 
gain an appreciation of the role of science in 
Society and everyday life. These were the aims 
of the recent secondary level developments. 
The intentions, design and implementation of 
these courses are well known and have been 
well documented.(7) Similar developments have 
Occurred, or are occurring, in other countries. 
For example changes in the system in France 
have been described. (8) 

Internationally the most recent trends at 
Secondary level are: (a) an even greater em- 
phasis on the interaction of chemistry and 
Society, (b) a belief that students should 
appreciate the interdisciplinary nature of 
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science, and (c) the need to develop the in- 
dividual. 

The aim that students at all levels should 
have an understanding of the social purpose of 
science and should be both knowledgeable and 
concerned about the place of chemistry in so- 
ciety has been emphasized recently.(9) As far 
as the interdisciplinary nature of science is 
concerned, there is now renewed interest in 
integrated science courses, and the current 
position has been reviewed. (10) 

A good summary of the current broad aims 
of chemistry courses at secondary level has 
been given by Thompson (11) (Table 5). This 
list was distilled from a study of secondary 
level chemistry curricula in 18 European coun- 
tries, The survey was undertaken by studying 
relevant official publications from the coun- 
tries concerned, and by a questionnaire, In- 
formation was gained on many aspects of cour- 
ses, including much material on aims and ob- 
jectives, This was summarized (11a) and the 
author produced a comprehensive list of ob- 
jectives in the full report.(11b) The aims in 
Table 5 have been adopted for the chemistry 
course of the International Baccalaureate. (11c) 

An attempt has been made in New Zealand to 
find an order of priority for the aims of 
school chemistry courses.(12) A questionnaire 
was sent to university teachers, teachers of 
students in the 16-18 age group, practising 
scientists, engineers, doctors, pharmacists, 
and second-year university chemistry students; 
and respondents were asked to give their views 
on the importance of aims (defined in the ques- 
tionnaire) of courses for 16-18 year olds. An 
understanding of scientific concepts and re- 
lationships, and the ability to use the scien- 
tific method were considered to be most import- 
ant, whereas little weight was given to the 
acquisition of skills, the application of 
knowledge or the philosophy of science, 

A larger and rather more specific list of 
aims, or goals, including development of atti- 


Table 5. Aims of secondary level chemistry courses (11) 


To give the student such a knowledge of the framework of the subject as to enable him to 


To make clear to the student the possibilities and limitations of such a knowledge, and to 
create in him an awareness of the impact and influence this knowledge has on society, so 


1. 

understand the structure and changing of matter, under chemical conditions, 
2. 

preparing him for life in a technological age. 
5. 


of thought. 


To inculcate in the student a critical attitude with theoretical speculation based on ex- 
perimental facts and subject to change, together with the ability for precise formulation 


4, To develop in the student those manipulative and experimental skills necessary to make him 
competent and confident in the investigation of the materials around him, 
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Table 6. Goals of a particular high school chemistry course (13) 


GQ of the basic gen- 7. Develop and maintain a continuing cu- 
= sree eon cee and hypotheses of chemistry. riosity and desire to know. 
2 Become inquiry oriented. Recognize and conduct honest and un- 
3. Understand and use the method of science, biased evaluation of data. 
i, Appreciate science for its intrinsic 9. Enjoy generating new knowledge. 

” value and contributions to society. 10. Respect and consider the ideas of 

5 Be able to apply their knowledge. others, 

a. Know the flavour and zest of scientific 11. Be flexible and open minded. 

12. Learn how to learn, 


enterprise. 
a IS 


Table 7. Generalized list of aims of chemistry courses (15) 
eet See ee St 


1. To develop and sustain an interest in science and in chemistry as a central, supporting 


and challenging area of study. 
2. To develop a working knowledge of, and favourable attitude towards, scientific methods of 


investigation, using chemistry as an example. 

3. To encourage the exercise of curiosity and creative imagination, and an appreciation of 
the role of such speculation in the selection and solution of problems, the construction 
of hypotheses, and the design of experiments. 

4, To develop the ability to see, and the habit of looking for, inter-relationships between 


individual phenomena, principles, theories, philosophies or problems. 

5. To develop an appreciation of scientific criteria and a concern for objectivity and pre- 
cision. 

6. To develop an understanding of the fundamental and unifying principles underlying the 
behaviour of atoms, ions and molecules, and an ability to apply these principles to real 
problems involving materials in various physical and biological conditions. 

7. To develop the skills, knowledge and habits required for the safe, efficient and thought- 
ful manipulation of chemicals and ‘apparatus in common laboratory procedures, 

8. To develop confidence and skill in the quantitative formulation of problems and in the 


treatment of data. 
9. To develop in the student the ability and predisposition to think logically, to communicate 
clearly by written and oral means, and to read critically and with understanding, 
10. To promote the student's understanding of the significance of science, technology, econom- 
ies and sociological factors in modern society, and of the contributions they can make to 
improve material conditions and to widen man's imaginative horizons and his understanding 


11 = AE applications of chemical knowledge and skills to problems which are of 
E ortance to the community, in particular the optimum use oF natural nEsOUncess 

i ide an opportunity for the development of the student's motivation and social matur- 

oa T E an appreciation of his own limitations in relation to a career choice which 

i11 i 1 to himself and to society. 

13 page ai r E understanding of the structure, values and procedures of the chem- 
. ical industry, and the chemist's professional role in such a situation, E 

14, To develop knowledge of, and familiarity with the use of, important sources of chemica 


formation. d 
15 eA the student aware of the limitations of his disciplines and their methods and to 
° provide opportunities for him to understand, make and criticize value judgements. va 
4 : i i dents, so as 
16, To cope with individual differences in the abilities and interests of stude: sae 


ensure the optimum development of each student's potentialities for achievement an 
tion. F ; ng 
Ly an upon staff interests and expertise in such ways that the teaching is challengi 


and satisfying. 
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Table 8, Aims of a vocationally oriented chemistry course (16) 


The intention of the course is that the student 


Should develop: 


1. A working knowledge of the basic principles 


of chemistry. 

2. An ability to define and solve chemical 
problems, 

3. An ability to work safely and efficiently 
in a modern chemical laboratory. 

4, An awareness of the structure of the chem- 
ical industry including its major activi- 
ties, raw materials, processes and prod- 
ucts, 

5. An ability to use efficiently the chemical 
literature and other sources of chemical 
information (including the ability to 
assess critically the value of results). 

6. An ability to communicate both in writing 


There are some aims which are more difficult 
to assess. These are that the student should 
develop: 
7. An enthusiasm for chemistry. 
8. A desire to know more about chemistry. 
9. An appreciation of the value and rel- 
evance of chemistry to society. 
10. An adaptable approach to new problems 
and ideas. 
11. An ability to work in a team. 
12. A readiness to strive for high stand- 
ards of scholarship. 
13. A concern that chemistry is used to 
good social purpose. 


and orally. 


lities, has been 


tudes as w F ; 
ell as cognitive abi 
= hool chemistry 


Suggested for American high s¢ 
courses. (13) (Table 6.) 

This list is clearly ambitious, a 
ecause it was produced by one person, unlike 
the aims from Europe and New Zealand which are 

distillations of ideas from many sources. 
Tertiary level. Change at tertiary level 
has been slower than at secondary level. How- 
ever, in several countries, during the last 
three years, due to the pressure of (a) a 
reduced student demand for degree-level — 
Ses in chemistry, and (b) changed employmen 
Prospects for chemistry graduates, tor EE 
level teachers are beginning to question the 
Purpose of their courses. 
i Several authors (14) 
eed to change the aims 
at degree Lave, The opinion is —— 
expressed that chemistry courses geek sa aia 
Past put too much emphasis on the con D 
on the aim that students should be able to P 
recall and use chemical knowledge; and insul- 
ficient emphasis on the aim of education ` 
through chemistry. The latter aim refers : 5 
Students achieving skills and attitudes eah 
are not only related to a career as chemis a 
but which can be used to lead a full life an 
to follow many types of career. It is all = 
easy to make generalized statements about 
skills and attitudes of an educated person, 
but more difficult to translate these into 
explicit aims for chemistry courses, and even 
more difficult to translate these into object- 
ives and/or into teaching materials and new 
approaches. Here we are concerned with current 
trends in explicit statements of aims of ter- 
tiary level chemistry courses. Three recent 
listings of aims summarize the position. 


perhaps 


have commented on the 
of chemistry courses 


1. The first (Table 7) was produced by a 
group of chemists drawn from several institu- 
tions in the United Kingdom.(15) They have been 
careful not to specify whether their list is 
exclusive to tertiary level, and whether it 
refers to the preparation for a professional 
career as a chemist or to general education. 

2. The second list, also from the United 
Kingdom (Table 8), is more limited and was 
produced by a working party (16) concerned 
with producing guide lines for the graduate- 
ship of the Royal Institute of Chemistry, a 
vocationally oriented course. 

3. Panel III at the Snowmass at Aspen Con- 
ference (1970) (17) prepared a list (Table 9) 
of ideal characteristics of a chemist. This 
may be interpreted in terms of the intentions 
in respect of chemistry courses, 

Other authors have stressed the need for: 
ability to communicate and use the literature, 
(18, 19) ability to select and achieve mean- 


Table 9, Ideal characteristics of a chemist - 
a viewpoint from the U.S.A, (17) 
——— 


1. Effective in applying chemical knowledge, 


2. Concerned with the application of chem- 
istry. 


3. Sensitive to society's needs, 


4, Personally committed to assist in solu- 
tion of problems, 


5. Effective in multidisciplinary problem 
solving, 


6. Capable and willin 
g to communic 
fellow citizens, Semio is 
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ingful objectives;(18, 19) flexibility; (20) 
interdisciplinary interests, and appreciation 
of the role of chemistry in other subjects; (19) 
appreciation of the impact of chemistry on so- 
ciety;(21) and ability to make judgements. (19) 
In summary, recent trends at tertiary level 
place less emphasis on the factual content, 
and more emphasis on the acquisition of skills, 
abilities and attitudes expected not only of a 
chemist but of any educated person. There is 
also increasing emphasis on an awareness of the 
interaction of chemistry and society. These are 
the trends in statements of aims; there is 
still much to be done before they are widely 
implemented in courses, In addition, there is 
a gradually growing acceptance of the principle 
that more attention should be paid to the views 
of students when formulating the aims of cour- 
ses. This is to be welcomed, 

Chemistry for citizens. Science courses for 
the non-scientist have increased in importance 
in the last few years and the need to raise the 
scientific literacy of the public is now seen 


as a priority by many Government committees, (22) 


A number of authors have described these cour- 
ses and some (23) have attempted to define 
their aims. These may be summarized as follows: 
to assist the overall development and matura- 
tion of the student; to show that science is 

a human activity and is part of a cultured per- 
son's world view; to provide an indication of 
the way scientists work by seeking relations 
between concepts and validatin 


cal tests; to instil an awareness of the pro- 
found and far reaching consequences of the 
uses and abuses of science; to show the his- 
torical continuity of the growth of Science; 
to generate a liking for science, and to de- 
velop the facility for critical and unbiased 
observation, 

In India one of the aims of science educa- 
tion is to train science-oriented managers 
responsible for technology transfer in the vil- 
lages, involving problems such as fertilizers, 
pesticides, pollution, water resources, food 
and drugs, contraceptives, etc.(24) Much of 
the discussion at the Snowmass at Aspen Confer- 
ence was about chemistry and society. Panel IV 
(25) which was concerned with Chemistry for 
Citizens, produced the statement: 'The object- 
ives of the project are to promote public un- 
derstanding of science as a human experience 
and to promote social responsibility on: the 

part of scientists and science teachers . 


OBJECTIVES 


Writing objectives. Defining objectives is not 
new, but it is only in the last 10 years that 
a strong movement in support of defining ob- 


& these by empiri- 


Jjectives has been prominent. Three nee od 
be advanced for breaking down the aims i be 
ses into specific statements of what is pert 
learnt (objectives). It is claimed youn 
ing objectives: (a) gives direction to (c) pro- 
teaching; (b) facilitates learning and \c rit- 
vides criteria for assessment. Advice on W ) 
Ks. (3s 
ing objectives is given in several boo Ae 
The verbs in the statement should be as ê er- 
as possible and should lead to a studen. Fae 
formance or behaviour which is capable tives 
sessment. The problems in writing object on 
are to make sure that: 1. the objectives ©" 4) 
consistent with the aims of the course; otaves 
the aims are included in the list of obje ating 
(it is all too easy to ignore the aims as to 
to high-level abilities and attitudes, etaves 
include in the list only low-level objec nt 
such as recall of knowledge and developmen 
simple skills); and 3. an appropriate 1e¥ 400 
specificity is reached (if objectives 2re “s 
specific the student may be antagonized ae 
long list of trivial learning tasks; On s- 
other hand if objectives are too general | 
sessment of whether they have been achiev” nes 
becomes difficult and the situation ane ae 
that of providing a content-based syllabu 
Each subject at each level presents its O 
problems, and the general texts on writing 
objectives are not of much value, For this pen 
reason it is probably easier for teams O ents 
ists to work together in producing statem ut 
of objectives, De Rose (13) has written ® 
defining objectives for chemistry courses” as 
Structuring objectives. A great deal 1 0b" 
been written about classifying education@” ois 
Jectives into hierarchies, The classical as 
are by Bloom (2a) and Krathwohl (2b), but y 
these are written in general terms they ™ ef 
Seem rather remote from the chemistry bean pi 
in school or university, Other ways of a) ost 
fying objectives have been reviewed (6, 2 ree 
a classification in practical terms of deBry) 
level physics has been described by Bears: | ger 
A simple scheme of classifying objectives pen 


three headings may appeal to the average 
istry teacher, 


1. Knowledge and 
2. Skills - intel 

and solving; 
3. Attitudes 


Recent efforts to define objectives: 
examples are described, ~~ usetives 


1. In 1967, the Curriculum committee a 
the American Chemical Society's Division ° 
Chemical Education embarked on an ambitio gn 
programme of improving the curriculum at s 
school and beyond. (27) Sub-committees We”, 
formed in order to deal with analytical» y 
organic, general, organic, high school, Pap” 
sical chemistry; biochemistry, and the p 


understanding, Éy 
lectual, e.g.problem def ir yo" 
- manual, e.g, handling ap 


our 


He ot es objectives, Each sub-commit- 
the pte to produce a written statement of 
ing in pee topics with which a student major- 
four Nigel should become familiar in his 
be accom s of undergraduate study and this to 
ives - i by a list of behavioural object- 
Student ne ements of the activities which a 
trate his ould be able to perform to demons- 
of the S grasp of a given topic, An outline 
appeal E ie was published (27) with an 
ities men many teachers as possible to par- 
more suce ome of the sub-committees have been 
now be oe than others, but reports are 
the ari to appear;(28, 29) usually only 
a unae outlines (i.e. subject headings of 
copies EDR syllabus) are published, but 
Jetis Of booklets consisting of lists of ob- 
exampl S are available from the chairman, An 
the F e of one page of objectives taken from 

y oo section of the list prepared 
Mss de To e Chemietsy Committee is shown in 
fic the « in order to indicate just how speci- 

statements are. In all, the booklet 


fro 
obje ia General Chemistry Committee lists 3 
ctives, Possibly the advantage of this 
between the 


@:; 

Tea has been the cooperation 
what ae and the analysis by the teach 
is qieney want students to be able to do. 
detail eult to see how a list as long and 
Stude; ed as this will be of much help to @ 
Toren a or to a teacher who has not been in- 
trates in writing the objectives. This illus- 
edora tions of the problems of this approach to 
ion. For the reasons indicated earlier, 


ers of 
It 


Ta 
ble 10, Examples of objective 


of American Chemical Society (28a) 


E 

Quilibrium constants and equilibrium calculations 
cal state of each sub 
f the gases involved, find the value of Kp. 
rtial pressures of all but one gas involved 
re of the remaining gas. 


1, 

Given a reaction and the physi 
2 expression. 

+ Given a reaction and the part 


in the reaction, calculate the par 
P 

hase equilibria (liquid/liquid) 

a r a solute oO 
Solvents, state the relative 


bria 


involving gases, 
f molar c 


Homogeneous gas phase equili 


5. Given a chemical reaction 


6 librium constant, 
* Given a gas phase 
trations of all but one of th 
tion of the remaining substance P 
reaction, 


7. Given a gas phase 
calculate the partial pressure o 


s on equilibrium. 


3 jal pressures 0 
* Given a raction, the value of Kp: and the pa 
tial pressu 


+ Given the numerical value fo 
molar concentrations 
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individuals find it difficult to write object- 
ives, and much more progress can be made in a 
team, Teams composed of individuals drawn from 
many institutions can produce lists of object- 
ives, but it does not follow that their less 

enthusiastic colleagues in a particular insti- 
tution will readily wish to use their efforts. 

2. The Open University in the United King- 
dom provides courses at degree level by means 
of television, radio, summer schools and corres- 
pondence. (30) There is thus a considerable edu- 
cational problem, and, from the start, courses 
at the Open University were designed by course 
teams consisting of educational advisers and 
technologists, subject specialists, and pro- 
grammed producers. General aims of the cour- 
ses are agreed and published, and for each 
course unit (usually about one week's work) 

a set of objectives is prepared and printed 

at the beginning of the course book. An example 
of the objectives of a course unit of the Foun- 
dation Course in Science (31) is reproduced in 
Table 11. 

The use of objectives for degree-level 
courses has not been used anywhere else to the 
same extent. The materials and approaches of 
the Open University are attracting attention 
throughout the world, and as a result many more 
university teachers, including chemists, are 
becoming familiar with the use of objectives, 

3. The need to develop lists of objectives 
is an essential part of the Keller Plan (Person- 
alized System of Instruction) which has become 
very popular, particularly in the U.S.A. (32) 


General chemistry. Sub-committee 


phase equilibria (solid/gas) 
stance, write the equilibrium constant 


f its distribution coefficient between two 


of the solute in the two liquids. 


write the algebraic expression for the equi- 
roth in terms o oncentrations and in terms of partial pressure 
reaction, the value for the equilibrium constant, and the molar conc Š 

e substances present at equilibrium, calculate the a 
resent at equilibrium, Poeet 
the value of K,, and partial pressure 
f the remaining ed. te sieht 
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Table 11. Examples of objectives from the United Kingdom Open University (31) 


1. Given the value of the heat of a reaction, decide whether the reactants are exothermic or 


endothermic. 


P Peki : A r 5 e 
2. Given the various bond dissociation energies involved in a simple reaction, calculate th 


enthalpy change for the reaction. 


3. Distinguish between the enthalpy change for a reaction and the activation energy of the 


reaction by drawing a graph. 
4, On a similar graph, indicate the meanin 


given thermicity. 


& of activated complex. 
5. Sketch (or select the correct sketch of) a reaction co-or 


dinate for a simple reaction of 


6. Describe in qualitative terms how the energy can be obtained for thermal reactions. 


7e Sketch the Boltzmann distribution and indicate how it 
8. Relate the changes in the Boltzmann distribution 


temperature, 
9. Sketch (or select a correct sketch of 
ants and products in a reaction. 
10. Define the rate of a reaction, 
11. Relate the rate of a reaction to a 


12. Given the stoicheiometry of a reaction, 


changes with temperature. 
to the way rates of reactions vary with 


) the variation of concentration with time for react- 


plot of concentration against time. 


write the various expressions for the rate of the 
reaction and determine the relationship 


13. Given a table of concentration as 
rate for the reaction, 

14, Suggest (or select from su. 
given their stoicheiometry 

15. Given a ( 


rate constant for a reaction, 


simple) rate expression and the rate data 


between them, 
a function of time for a reagent, determine an initial 


r s 
pplied suggestions) possible rate expressions for simple reaction 


(as in Objective 13 say), determine the 


a 


With the trend for more individualized learning, 


e 
thought it was from the title and whether P 
defining objectives will become more widespread, 


An interesting example is the use of behaviour- 
al objectives as an essential part of a pro- 
gramme of independent study in a U.S.A. high 
school.(13) A feature of this programme is 

the use of a hierarchy of basic objectives, 
optional objectives, and objectives that 
students develop for themselves. 

4, A number of institutions and individual 
teachers have produced lists of objectives for 
their courses. Some of these efforts have been 
reviewed (33) and others can be found in the 
original papers. (34) 


CRITIQUE OF USING OBJECTIVES 


Much has been written in favour of, and against, 


the procedure of defining objectives, and eds 
casionally the debate seems to be more emotion- 
al than rational, It is necessary to consider 
two levels: (a) opinion (albeit opinion ex- 
pressed logically and on the basis of class- 
room experience) and (b) experimental studies. 

Advantages 

1. The student is clear what he has to 
achieve. He does not have to guess from the 
syllabus, from the course content or from past 
examination questions, He can concentrate on 
learning. Even more fundamentally, he can de- 
cide whether the course of study is what he 
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needs to enrol. 

2. The teacher is forced to think about 
what he wants the students to learn. object- 
ives are an aid in planning. This is perh@P 
the greatest advantage, because so often, 
particularly at the tertiary level, due tO h 
other pressures, teachers do not give enous 
thought to what they want their students t° 
learn, 

3. The teachers and students are in har- 
mony. There is no confusion about what each 
is trying to achieve. The student is clear 


when incidental or illustrative material iS 
included in the course. 


4, The course content and the teaching J 
and/or learning methods are more easily sele? 
ted. 

5. Objectives can be made the basis of 
individualized instruction. 

6. The assessment methods are defined bY 
the objectives. There is no problem of what 
to put into the examination, It is also Bnd 
sible to evaluate the success of the teach 
methods. 

isadvantages ë 

m Education is not training; and we zek 
are many desirable outcomes of education | Deg! 
cannot be expressed in terms of changes aor 
haviour or terminal performance of poet ave de 
This applies particularly to the apreci ye 
main.(2b) Furthermore education is 4 


process, and some of the effects of education 
may not manifest themselves for some years 
after a course is completed. 

2. It is easier to write objectives for 
low-level abilities (e.g. recall of knowledge, 
Simple manipulative skills), and consequently 
in any list the higher abilities tend to be 
neglected, 

3. Individual students will exhibit dif- 
ferent behaviours as a result of experiencing 
a course of study. Students should be free to 
derive what they will from their studies. 

4, Objectives are either so specific that 
they appear trivial as a ‘target’ for learning; 
or, if less specific, the meaning is not clear 
and they might just as well be replaced by a 
topic list of a conventional syllabus. 

5. A list of objectives even for a short 
course is very long and the student becomes 
Confused and overwhelmed. 

i 6. Students react unfavourably to the 
_Spoon-feeding' and 'brain-washing which are 
implied by this approach. 

7. Liste of A EAE IVES do not reveal the 
Structure of knowledge in any subject, and a 
interaction between parts of the body of knowl- 


edge, bjectives 
S on the use of objec 4 
ummary of opinion scussion (35) 


There is no s fi fuller di 
pace for a 
of the merits (5) and problems (36) of the 


Objectives approach, An amusing attack ad 
use of objectives for education as oppose 
d in the U.S.A.(37) 


training has been publishe' 

Recently Macdonald Ross (38) np apn am 
critical review and analysis of the Th e is 
together with a useful bibliography. Ther 
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common ground in stating that for course plan- 
ning, for giving direction to teaching and for 
detailing criteria for assessment and evalua- 
tion the objectives approach is accepted and 
certainly no one has been able to suggest an 
alternative. It is when claims are made that 
defining objectives assists the learning pro- 
cess that agreement vanishes, It is just this 
area in which experiment is required. 
Experimental studies on the use of object- 
ives. There are formidable problems in design- 
ing experiments to test whether learning is 
enhanced, and it is unlikely that there will 
be a definite answer from experiments cover- 
ing all subjects and all levels and types of 
learning. The present position has been re- 
viewed.(39) It appears that there are about 
an equal number of research reports indicating 
that learning is, or is not, enhanced by sta- 
ting objectives. The various experiments are 
critically examined. In chemistry there have 
been only a few investigations, Boardman (40) 
found that there was no significant difference 
in achievement between a group of remedial 
chemistry students which was given objectives 
and a comparable group which was not. Heron (41) 
conducted a study with freshmen enrolled in 
chemistry courses. There was some evidence 
that students who received a list of objectives 
before the course, performed better in the 
final examinations than those who did not, 
However, there are alternative explanations, 
which illustrate the difficulty of experimental 
design. Some of the benefits may have resulted 
from the fact that graduate teaching assistants 
also received the list of objectives, 


SUMMARY 


trends are: (1) to illus- 
f chemistry and society; 


idual; and (3) to em- 
e of chem- 


At secondary level the 
trate the interaction o 
(2) to develop the indiv 
Phasize the interdisciplinary natur 
istry, 

At tertiary level a consen: 
that there should be less emphasis on the 
factual content of courses, and more attention 
to (1) understanding principles and their ap- 
Plication to problems and (2) the ial 
of skills, attitudes and abilities expecte p 
any educated person and useful in many divers 


sus is emerging 


careers, not only in chemistry. Some lists of 
these aims have been given (Tables 7, 8, 9), 

In common with other subjects there has 
been great activity in defining objectives, 
However, the production by working parties of 
long lists of objectives is unlikely to influ- 
ence other teachers, 

There is no strong research evidence that 
defining objectives enhances the learning of 
chemistry; on the other hand there is no 
evidence that it is harmful, 
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1 


2 


3. 


1 


11. 
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RECOMMENDATIONS 


All courses in chemistry at all levels 
should have written statements of aims, 
These should be known to the teachers 
and to the students, and the assessment 
must reflect the aims, 
For some courses and for some approaches 
it is necessary to define precise object- 
ives. Even when it does not seem essential, 
some teachers will find it helpful to de- 
fine objectives and to make them known to 
their students. Furthermore in some situa- 
tions it may be practicable to involve 
students in defining objectives, 
Chemistry teachers at secondary and ter- 
tiary level need assistance and even in- 
struction in formulating and using aims 
and objectives. Conferences and courses 
are needed which concentrate on this prob- 


lem, and on the problem of achieving the 
right level of specificity for statements 
of intent to be translated into meaningful 
action in the classroom, 

It is recommended that national and inter- 
national agencies organize such conferences 
and courses, and also provide an advisory 
service to individual teachers and to in- 
stitutions on the formulation and usage Of 
aims and objectives. 

5. It is not recommended that national and 
international committees formulating pre- — 
cise objectives to be adopted for all cour 
ses at a particular level be established. 
It is suggested that more research is 
needed to determine the effect of defining 
objectives on the efficacy of learning. 


4, 


6. 
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Better understanding of the 
of learning chemistry 


COGNITIVE ASPECTS OF EDUCATIONAL 
PSYCHOLOGY 


The ultimate goal of any science instruction 
is to achieve lasting comprehension of facts 
and the ability to recognize and solve prob- 
lems of a manageable level of difficulty. This 
has to be achieved within the set space of 
time which the student can devote to the sub- 
ject and within the limits of material and 
personal resources available to the teaching 
institution. Under these constraints educators 
are constantly searching for the condition best 
suited to the training of future professional 
chemists or citizens with an appreciation of 
the powers and limitations of chemistry, 

The field of chemistry is wide, its fund 
of facts, concepts, and theories is constant- 
ly growing. Too little can be taught by dis- 
covery and problem solving; the frame still 
has to be set by introductory verbal instruc- 
tion, But how much of its content has to be 
learned by rote? What is meaningful learning 
and how can it be fostered? These are the ques- 
tions to be asked, Ausubel (1, 2, 3) suggests 
that meaningful learning takes place if incom- 
ing information can be connected in a meaning- 
ful and non-arbitrary manner (i.e. through the 
proper relations imposed by subject matter 
structure) to the particular cognitive struc- 
ture* of the individual learner, He has pro- 
posed the use of advance ideational organizers** 
to initiate meaningful learning. (4) 

In the years following Ausubel's proposi- 
tion a great deal of experimental research has 
been done on the use of advance- or post- 
organizers. No clear-cut evidence for the 
advantages of pre- or post-organizers, as com- 
pared to non-organizers, has been found at all, 
as far as instruction in the sciences is con- 
cerned, The results of a recent, reasonably 
conclusive investigation (5) again showed that 
success depended much more on the subject's 
natural organizing capability than on the use 
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psychological processes 


by V. Hofacker 


of an organizer. The conclusion, however, is 
interesting: 'the subjects participating «++: 
as science students, already possessed the 
appropriate ideational scaffolding. Conse- 
quently they were capable of subsuming*** the 
learning passage without the help of external 
aids.'(5) Here it is hinted that the subject 
matter structure in sciences, if properly i 
troduced, presents in itself the most effic 
organizer. 

Research from still another source leads 
towards the same conclusion. In their studies 
on models for memory and cognitive structure 
Novak (6, 7, 8) and his co-workers describe 
learning by rote or meaningful learning in 
the following way: 

In this model, the memory is considered 

hierarchical in nature, i.e, arranged 

from higher levels of generality and ab- 

stractness to increasing levels of speci- 

ficity... The relevant conceptual scheme 

in each area is suggested as forming an 

ideational framework to which relevant 

substantive ideas and information can be 
associated... It is suggested that in mean- 
ingful learning the chunks and bits of in- 
formation are held in close association to 
the ideational framework... On the other 
hand, if a relevant, specific conceptual 
framework is not present, incoming inform- 
ation is learned mainly by rote, i.e. it 


ne 
jent 


t 
* Cognitive structure means the arrangemen 
of concepts, facts, principles, a 
related to the particular subject mat 
in the individual learner's mind. a 
An organizer is a framework or ey ee 
presented to the student to eee 
> k aa 
the organization of new factu R 
*** 
given material is covered by ru A 
ciples, etc, It also means to be 
classify information correctly. 
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is embedded in isolated loci in the memory 
matrix and not in meaningful association 
with the existing conceptual structure. In 
the latter instance, the memory trace is 
Poe ie to rapid decay and can be held in 
e memory store only by such inefficient 
mechanisms as overlearning or artificial 
associations... Close interrelationships 
may develop between relevant conceptual 
ee As conceptual maturity grows, 
eae Ei and strength of the intercon- 
There is ng bonds markedly increases. (6 
meanin, fu indeed, experimental evidence that 
sition ul learning facilitates faster acqui- 
rote ‘ey B longer retention than learning by 
ture of But does the quoted hierarchical struc- 
conce, E REEN in memory indeed match the 
Baoe S relations in subject matter structure? 
tion Sots i evidence reached by word associa- 
fies bongs on physics concepts (10 to 13) veri- 
instructi relations in students' minds after 
in sub ion match relations between concepts 
ks ject matter structure. 
veda 6 then, since the conceptual S 
be Phe Sai important, can concept 4 a 
experi, ? An impressive number of psychologica 
ieee aS on concept attainment has been re- 
howey in the literature. The concepts involved, 
donee are too simple compared to science 
tracted { Only very general advice can be ex- 
rom oe and little as yet can be teamed 
chentatry, regarding the teaching 
of a spite of that, one ma 
conent oe eee findings © 
Pt attainment, concept gro 


ment 
could be transferred to chem 
canno 


tructure 


y expect that many 
n the nature of 


ne 
e a transferability, however, A 
$ Sumed, and should be the subject of ne 
itso systematic investigation. The aren 
commi therefore recommended that Unesco TR 
Pied investigations on the applicab oes 
2 Gane theories of educational psycholog 
as education at different levels. 
nizan is raises another problem. r g EA 
and poc 18 to be taken of general educatio: a 
chev chological principles for the benefi 
have ees astor, woumersuim HES area 
E edue become more conversant with t F 
tcati rohal research and the concepts OF 
3 ional psychology than is currently 
* The chemist committed t 
i b ll have to bridge the 
stds etween himself and the 
Effec only the chemistry specialist. 
ciples the translation of psychologie 
of ,<S from a general context jnto the 
acce, WM Subject. Some easily 


es 
gap Sible means of bridging ak 
e 


ha 

tiene" ho. D d 

re e developed. on of 
fore recommended that th? Bie 


Science Teaching of Unesco should sponsor the 
distribution of reviews of current psycholog- 
ical experimentation as applied to ee 
in chemistry, e.g. by incorporation into "New 


Trends in Chemistry Teaching’. 
It is agreed that the complex concepts 


used in science can only be grasped if the 
more fundamental concepts involved in the 
construction of a new concept have been tho- 
roughly understood. To provide for this 
Gagné (15) suggested the use of a camming 
sets!* to ensure the proper teaching sequence 
Gagné and his co-workers invented a serudtured 
learning programme composed of hierarchically 
organized learning sets to observe student's 
learning of a mathematical schema, The study 
revealed that learning each successive learn- 
ing set was dependent on the mastery of prior 
sets. 

The question, of course, remains whether 
a concept hierarchy established in this way 
will finally represent the true subject matter 
structure, In particular, whether parts of the 
concept hierarchy developed independently by 
this method will finally match. This seems to 
be an important question since maturing of the 
scientific mind may be regarded as identical 
to the process of establishing more and 
stronger bonds between the isolated elements 
of correct conceptual structure. 

While, with regard to physics, much has 
been said concerning the existence of a concept 
hierarchy starting from fundamental concepts 


of high generality and low complexity to an 
increasing number of concepts of low general- 
ity and high complexity, (16 to 20) very little 
thought has apparently been given to concept 
relations in chemistry. So far, we can only 
state that common chemical concepts generally 
will be of higher complexity than physics 
concepts since object-phenomena relations in 
chemistry are more intricate. 

21) has pointed out the need to 


Novak ( 

develop @ ‘taxonomy of conceptual levels' 
analogous for example to Bloom's Taxonomy of 
Eaueational Objectives. (22) This, indeed, 
seems necessary. Novak suggested it could per- 
one from the history of concept de- 
the ontogeny of concept learning 


We would like to argue against 
that the history of concept 
ovide clues. As Kuhn (23) 


haps be d 
velopment and 
by jndividuals. 


the suggestion 
ment might pr 


develop! 
has shown by many examples, concepts (as we 
AE 
x A learning set might be defined as the 
pertinent subconcepts of a certain con- 
ceptual level in concept hierarchy. A 


t can be found by asking what 
ld have to know in order to 
t the next set. 


learning sé 
a learner wou 
learn at leas 


55 


New trends in chemistry teaching, 4 


use them today) have not developed continuous- 
ly but have undergone abrupt changes as para- 
digmata became obsolete. This fact shows clear- 
ly that subject matter structure can only be 
defined as that structure which the minds of 
the contemporary scientific community perceive, 
It also shows that this view is constantly, 
though as a rule slowly, changing. Thus, we 
would like to stress that a taxonomy of con- 
ceptual levels in chemistry has to be based 
on concept relations in established theories 
and on the hierarchy of theories. For educa- 
tional purposes it has to take account of the 
ontogeny of concept learning by individuals. 

There is evidence that the conceptual struc- 
ture of chemistry as seen by the specialist does 
not necessarily represent the best framework for 
the acquisition of chemical ideas and concepts 
by the student. Connexions and relationships 
between sophisticated chemical ideas recognized 

by the mature chemist are not infrequently bey- 
ond the student's ability because they are in- 
appropriate to his intellectual and maturational 
level. It is therefore important to re-examine 
the conceptual structure of chemistry in an 
attempt to evolve conceptual schemes whose in- 
tellectual requirements match, and are compat- 
ible with, the intellectual capabilities of 

the maturing student. The concepts should, at 
the same time, be readily refinable so that 

the progress of maturation towards the 'correct! 
subject matter structure is not hindered, Par- 
ticular attention should be given to the exam- 
ination of those areas of chemistry which stu- 
dents find especially difficult and problematic 
and to the relative merits of alternative theo- 
retical models from a point of view which is 
educational as well as (rather than only) sci- 
entific. The Working Group therefore recom- 
mended that Unesco should commission investi- 
gations on the conceptual structure underlying 
chemical knowledge and the relations of chem- 
ical concepts to each other. 

In the sections which follow, some examples 
will be given of the implications of concept 
nature and level as well as of student maturity 
for the learning of chemistry. 


THE CONCEPTUAL STRUCTURE OF CHEMISTRY 


It has often been hy 
erally true that th 
be constructed from 


ypothesized that it is gen- 
e concepts of chemistry can 


; the fundamental concepts 
of physics, even though some may not yet be 


defined in a Way that relates them to physical 
concepts, An analysis of Some of the most wi- 
dely used chemical concepts, however, shows 
that the conceptual network of chemistry cannot 
simply be built from that of physics. (24) The 
concept molecule, for instance, can be defined 
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in terms of fundamental physics concepts only 
as an isolated entity. As S. Golden (25) has 
shown, the concept molecule has no correspond- 
ing conceptual basis in quantum theory if 
applied to bulk matter or reacting systems. 

Cyclohexane, for instance, is described 
chemically in terms of two different conform- 
ations, the chair and the boat form, In terms 
of quantum mechanics, both conformations are 4 
described by a single Hamiltonian operator an 
a set of stationary states. Let us consider 
the transfer of the energized molecule from 
one conformation to the other as an example ae 
of a chemical reaction, then the chemical ue 
tion as to the rate of change of the meee 
tions of both species makes physical sense OP 
if the observer states by which observable ty 
(i.e. measuring device) he chooses to identi A 
the two conformations, The chemical concept ° 
molecules in a reacting system can therefore 
not be formed within the net of physical con- 
cepts since a molecule must be identified bY 
a measuring device invented by the experimen- 
talist and its concentration is represented h 
by an expectation value (i.e. a number), whic 
obviously cannot be part of any set of funda- 
mental physics concepts. This shows that Gate 
chemical concepts which seem to be well defin 
in terms of fundamental physical concepts, 
under certain aspects, cannot be related to 
fundamental physical theory, 

In other cases, however, we can trace 4 
complex chemical concept in its full meaning 
through a hierarchy of theories, In the case 
of the concept 'chemical equilibrium' we may 
describe the chemical equilibrium of macro- å 
scopic phenomena in terms of theories indicat? 
in Table 1, In this hierarchy of theories, th® 
fundamental equations of the more condensed 
description (Uhlenbeck, 26) are the result of 
a theoretical development on the level of the 
more fundamental description, In order to show 
this more clearly, brief characterizations of 
the different theoretical approaches have been 
included in Table 1. ae 

On the level of ‘thermodynamics', systems 

with which chemists normally deal can be hand- 
led without reference to molecular or atomic je 
behaviour., Proceeding to the level of 'ensemb 
mechanics', we reach the fundamental concepts 
of physics and, in this case, have shown how 
a certain concept of chemistry emerges ee geal 
highly structured logical relationship gree 
the fundamental concepts of physics. The mated 
cription at this level, however, is not Teale 
to the complex systems a chemist usually an 
with. Our example may therefore serve ZS tive 
amplification on the meaning of the pa l 
'complex' with respect to the SSO a prione 
chemistry. The concept 'chemical equil nes 
as expressed in terms of thermodynamics 


Tabl P 
e 1. Tracing the concept "chemical equilibrium" through a 


Com 5 
plexity Theory 


Thermodynamics 


= 


Kinetic theory 


Ensemble mechanics 


Mechanics 


llows for increasing complex- 
ity of systems to be handled 


uses less complex and more 


fundamental concepts 


doe 
s y 
n present in 


the Poni contain all information 


Subj re fundamental theories. In terms of 
Serie matter structure’, however, the in- 
sti cone is there, because here the concepts 
e poy rodynamics are seen in the light of 
: elationships the hierarchy of theories 
xtending our line of reasoning, 
chemistry are 


Stat 
1p ved that some concepts used in 
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p damental’ in the sense that they grow out 
sics. But 


he fund 
onl amental concepts of Phy _ 
damenta "S areas of chemistry are thet” a 
Deeryeq onsets sufficient to deal wi 
highes’@ Phenomena, In dealing wi 
to be „ omPlexity, more complex conce 
chemi which we call the "pasic cO 
Chaves . They are of w 
te ical phenomena. Examp 
reaction mechanis 
stoichiometry. Wi 
hg entet cannot be b 
conceptual framework. 
Concep tending a oie use O this class o 
theip S, however, still depends on 
ee Dhyne ee related to fundamental 
intuitive” and chemistry as well 4° 
ve chemical implications. 
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hierarchy of theories 


Characterization of systems by 


State functions 


Distribution functions, 
partition functions 


Time dependent distribution functions, 
e.g. solutions of Boltzmann type 
transport equations 


Time dependent representative 
densities in phase space, reduction 
of densities yields distribution 
functions 

Representative point trajectories, 
ensemble averaging over trajectories 
yields representative density in 


phase space 


ible ways provided by subject matter structure. 
That this goal cannot possibly be achieved 
during the period of formal education is of no 
consequence for instructional purposes, since 
we hope that the learning process (i.e. the 
formation of more connexions and the re-evalua- 
tion of concepts associated with this process) 
will continue through the individual's life- 
time. But since the learner's notion of a 
concept changes with experience (because the 
concept is defined by its relations to other 
concepts) formal instruction has to make sure 
that concepts are introduced in such a way 
that maturing (formation of more connexions 

in agreement with subject matter structure) is 


not hindered. 
Two main lines of instruction can be per- 
e of importance to the correct 


ceived which ar 
mapping of subject matter structure in the 
eture of the mind. One proceeds 


cognitive stru 

from simple fundamental concepts (of physics) 
ne of established theories to the 

more comp damental concepts of chemistry, 


e concepts SO 
cont to physical concepts of atomic and 


molecular pehaviour but they are deficient in 
their relations to chemical phenomenology. 
These connexions can be readily made. The 
other road starts with the introduction of 
fundamental and basic chemical concepts in a 
restricted or approximate sense while from the 
beginning establishing relations to the chem- 
ical phenomenology + The instructional process 
then proceeds yia concept refinement as more 
and more relations are established to the more 
fundamental concepts which are used in dealing 
with atomic and molecular behaviour, The stages 
of concept refinement have to be carefully 
Janned, 50 that proper connexions to the 
Fundamental physical theories can be made, 
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What are the merits and the shortcomings 
of the two paths? The first line of instruction 
is of recent origin. It is connected with our 
changing view of the structure of chemistry 
originated by the incorporation of physical 
concepts into chemistry. Let us begin then by 
asking whether it would be feasible to teach 
chemistry by starting with a relatively small 
number of fundamental physical and chemical 
concepts, building their network of relations 
slowly and carefully until one arrives at the 
well defined concepts of chemistry and their 
links to chemical phenomenology. Proceeding 

from this, the students could be introduced 

to the basic concepts of chemistry and trained 
in their proper use. This procedure would be 
advantageous because it assures the matching 
of cognitive patterns in the student's mind 
with the patterns of subject matter structure, 
At the same time, correct categories would be 
provided for the filing of chemical facts 
before confronting a student with them. Is this 
an ideal situation in view of Ausubel's theory? 
Should it be done, and could it be done, in 
those areas where the links between complex 
chemistry concepts on the one hand and funda- 
mental concepts and theories on the other are 
particularly well established? (e.g. the per- 
iodic system in the spirit of atomic theory, 
chemical bonds or spectroscopy in the context 
of quantum mechanics, chemical equilibrium or 
entropy on the basis of statistical mechanics, 
etc.) 

A close look at the theoretical framework 
proves that this procedure is inappropriate in 
general education beginning in childhood, 
Piagetian developmental psychology (27, 28) 
shows clearly that the stage of abstract logi- 
cal operations necessary to handle the highly 
abstract and formal logical operations needed 
to proceed from fundamental theory to the 
level of chemical phenomenology, could never 
be reached before adolescence, As experimental 
research shows, even the learning of chemistry 
concepts by the use of simple models strongly 
depends on age and 1Q.(29 to 31). 

Concerning the chemical education of stu- 
dents entering university, should this begin 
with fundamental concepts and rigorous theory? 
The answer of course depends on the character 
and extent of instruction received in school. 
Even though IQ is stabilized at the age a 
student enters university, grave doubts arise 
if he possesses little previous knowledge. 

The only link between a new student and chem- 
istry is the reality of chemical phenomena, 

It is a first source of motivation in the 
sense that the state of being motivated is 
one in which questions arise in the student's 
mind which need to be answered, But prelimin- 
ary and crude explanations can, in most cases, 
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not be given within the frame of fundamental ” 
concepts, For a long time the student will no 
be able to perceive the topics in which he is 
being instructed as part of chemistry. Any 
instructor of introductory chemistry courses 
has observed the frustration resulting from 
this treatment. In terms of Ausubel's theory, 
the first concepts a student is introduced to 
in this educational procedure are no help in 
the organization of chemical observations. 
Their effect on meaningful learning of facts 
is nil until the concepts can finally be pre- 
sented in operational form, Only after the 
concept of outer shell electrons has been 
deduced from atomic theory, is it possible tO 
introduce the periodic system of the elements 
as a good organizational framework for ee 
ical properties of the elements, This requir 
a long chain of introductions, starting from 
the elements of wave mechanics and ending at z 
the periodic table. Some educators have never 
theless chosen this path because they felt 
that only in such a way could concepts be 
Shown in their proper relationships. Benefit | 
is derived from the introduction of models ari 
systems of manageable difficulty in the real 
of theory. The relations between models and 1 
reality are seen much more lucidly at an goed 
stage of instruction than in the course of t W- 
alternative line of teaching, The serious 4r® 
back of the method lies in the fact that the z 
need to develop an adequate theoretical frame 
work may not be obvious to the student. Thus 
the acquisition of the necessary techniques 
may seem to him to be a meaningless exercise” 
Even the best presentation may not be able tO 
overcome the resistance due to lack of motiv- 
ation, 

What are the shortcomings of the alterna- 
tive path? What are the dangers encountered 
in starting from concepts of immediate applic~ 
ability for phenomena, regardless of whether 
they are fundamental or basic concepts? Chem- 
ical phenomena, though observed on the macro- 
scopic level, are explained by the behaviour 
and properties of atoms and molecules on the 
microscopic level. Therefore, chemistry brims 
over with concepts of wide applicability which 
belong to the microscopic domain, While casu@~ 
observation of chemical phenomena on the mac? 
scopic scale is, of course, possible and con 
cepts related to the macroscopic properties gry 
can be formed prior to instruction in chem cee 
this cannot be true for concepts helongine a 
the microscopic level, These concepts nade 
to any beginner in chemistry, Seas 
age. According to Piaget's studies, ones e 
in new subject matter have to be aeneon a i 
by concrete empirical objects. In chem “aile 
the concrete object on the microscopic are 
has to be replaced by a model. Concepts 


then demonstrated by the use of these models. 
The models used include simple scale 
models (e.g. molecular models) as well as sim- 
Plified systems derived by constraints on the 
Physical properties of the system (ideal gas) 
or simplification of the mathematical descrip- 
ion (core-electron model for the electronic 
Structure of molecules). While the model 
Sravadter with all its shortcomings due to 
the lification is evident to the instructor, 
Š one] is usually taken as the 'real thing 
Bia “a student because of his developmental 
iage. This mistaken identification persists 
a ae than one would like to think, There is 
Sees ee frequently observed, even with ad- 
beyond students, to extend the use of a model 
on the its limitations. Argumentation based 
ra use of a model severely restricts the 
ay possible interpretations. 
may ton understanding of an unfamiliar process 
not sure be blocked by preoccupation with a 
Pecialy iciently refined model. This is ol 
dents oe in discussions between so 
ity's Ske fully educated scientists. oe ar 
worded i e, discussions between scienti 
are M terms of models. he 1 
Stage or aware of the complete concep s aac 
ents a pert model, conclusions drawn. 2 
ased on yet familiar with these facts ite 
Pesultin, the model as the ‘real thing m 
to the ‘ac misunderstandings frequent x me 
fore rings that models should ig n 
What ey have been derived from “ a 
ation at can be done to avoid falso MTETIE 
ations q models? Merely stating the § Ta = 
Usual] oes not help much, The discuss colic 
it end in the anguished question: nay 
While © "ay or that? It can't be bothe iN oan 
Be e teacher knows full well that 


bo 
fieq th ways, he will have to teach eres 


S Stude: e 
con nt will be unable to form 

med - Even to point out the model i 
Seago cular models in analogy to wellino 

Mig eres like those of airpl 

fading since there is more eal 

n in molecular models than 4 mere © 

model cha 


fry 


the 2, RUS th ri 
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op Pe co long the 
Meept usually proceeds à 


e 
thenegonStating that the crude age 
Udit, "© the model, does not ae new model 
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2 ne experimental findings. n 
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ences, while the student learns to relate dif- 
ferent manifestations of matter to different 
models. Thus, by experience, he comes to know 
that chemical models are not true reflections 
of chemical reality but devices to press na- 
ture into a manageable form, 

There are some cases, however, where con- 
cept refinement is hindered by the very nature 
of the models. They may prevent the student 
from realizing that he is still dealing with 
the same concept. The models used in the inter- 
pretation of closely related phenomena can be 
so different that he may not be able to see 
any relationship. Vibrational-rotational 
spectra on the one hand and electronic spectra 
on the other may serve as an example, The com- 
mon concept should be the student's notion 
that spectra arise from transitions between 
stationary states of the molecule. The models 
used in the interpretation of the two phenomena, 
however, can be so different (oscillator rotor 
in one case, MO model in the other) that he may 
fail to see the unifying concept of a station- 
ary state being defined by the electronic, vi- 
prational and rotational states simultaneously. 
Since he feels that there should be at least 
some connexion, but is unable to form any with 
the simple tools (models) available to him, 
dissatisfaction and even resistance against 
the introduction of still another model grows. 
In this case again, the seeming incompatibility 
can be alleviated by regression to the funda- 
mental theory. Once the theoretical framework 
is built, models are reconciled and subject 
matter structure is properly represented in 

i nd. 

CHS Srei pes have been concerned with the 

ture of the concepts used to describe be- 
natur scopic scale and their 
haviour on the micro Th tet 
ink to chemical phenomenology. There exists, 

ddition, a class of concepts which are 

in @ to the macroscopic scale alone if their 
ralat ma is confined to a certain theoretical 
discussion re the concepts related to 


rk, These a 
fran panne (thermostatics) and to the 
ieernodynamic of irreversible processes. 


ma concept ' chemical equilibrium’ may 
ao añ example. The most general version 
serve eaacents namely, that equilibrium has 
of this ched if entropy is maximized or free 
peen rea minimized, is usually not easily and 
energy is "elated to observable chemical pheno- 
obviously 5 not ina convenient operational 
mena. eh onde: ib 22 stated as the general 
form, Bu tor the equilibrium constant in terms 
equation trations; mole fraction, pressures or 
of eee it has been cast in an operational 
mags olee versions it can already be 
ae a subsumere* 
5s a rule, law, principle or other 
*A se taal scheme that allows for the 
organization of Taste. 
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teaching this concept usually starts 
ican tional versions of chemical equilib- 
aren “ne parse to be stressed here is that 
al, operational forms, as for instance the 
general equation for chemical equilibrium, 
van't Hoff's equation or expressions for the 
temperature dependence of a vapour pressure, 
are equivalent to and derivable from the most 
general version, They are restricted versions 
of the same concept, in the sense that they 
are derived under well-defined conditions, 
They are not approximate versions of concepts 
and they do not depend on models, Of course, 
if the different restricted forms are intro- 
duced as related to different chemical pheno- 
mena they will provide good subsumers for 
these phenomena only. On the other hand, as 
soon as it has been shown that they can be 
derived from the general version of the con- 
cept, all concept relations are established 
and the concept can be used in its full and 
unrestricted sense, From then on it can be 
applied easily and without danger of mis- 
interpretation, even to unfamiliar phenomena, 
Thus, whereas approximate versions of 
fundamental concepts are placed on different 
conceptual levels according to a model hier- 
archy, or hierarchy of theories, the restric- 
ted versions of a fundamental concept are all 
on the same conceptual level, even though 
different learning sets, in Gagné's sense, 
may be found for their teaching sequences, 
The existence of different learning sets re- 
sults, of course, from the difference in the 
phenomenological objects to which they apply, 
There are not many pitfalls encountered 
in teaching these restricted versions, except 
for the fact that formalization and quantifi- 
cation of these concepts is frequently attemp- 
ted too early. This is especially obvious 
where intricate calculations or derivations 


are encountered.(32) Care has to be taken that 
the concepts ar 
ical 
cept, 
dent can trans 
into verbal sti 
ation will be 


encountered 
They may also 
elopment (34) 
- All these 


to overcome, 
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The concepts of thermodynamics are sino: 
defined within the framework of the Pine vena- 
logical theory. Their connexion with statis 
viour of atoms and molecules is made in ists, 
tical mechanics and kinetic theory. P ene a 
because of their continuous use of arer the 
the basis of molecular behaviour, phe the 
concepts of thermodynamics as tools” of 
description but not the ied agement con- 
chemical phenomena, as long as they ar jogioal 
fined to the framework of the phenomon! 
theory 'thermodynamics'. 

In terms of subject matter struc 
is true, On the basis of thermodynam ie 
tionships alone, the concepts of theri ying 
cannot be connected with concepts PEP ke 
molecular or atomic behaviour. This alt. ut 
meaningful learning extremely EEAO a 
as soon as interpretation on the more 
level is attempted, concepts defined ories 
framework of the more fundamental sn these 6 
(see Table 1) should be used. Since retrati?” 
cannot easily be incorporated, ane ge - 
of the concept entropy e.g. as a mea ‘ae ing 
disorder, are invented, which ca y con” 
less if not exemplified by probabil ell a5 
siderations including energetic aS gemons 
Spatial aspects, or the concept is e 
by the use of models, as for instance co 
case of the division of entropy in oyen” 
ational and a thermal part, In any only °° 
proper subject matter structure can 


ture tnis 
ic rela- 


aynamic® 


n 


O 

pe pr’ - 

built if these interpretations CSa more ve 
compatible with the concepts of 1 mech? 


damental theories (i.e, paneer A 
or Kinetic theory), The interpretaties jue 
entropy as ‘missing information z haSs “4em 
more promising in this respect bu on el 
our knowledge, not yet been tried 
entary level. 

The conflict is typical of thos? c 
at the introduction of important dynamit py) 
coneepts: on the one hand, thermody ani erf 
cepts, such as entropy, cannot reko con? 
related to a major part of anemie give? os 
if no microscopic interpretation pole ane 
there is therefore a definite PSY ner ne 
need for interpretation. On the Nae o A 
this interpretation has to make u wite 


tible g” a 
cepts or models which are compa oncep? : gu 


arte 


or can be changed (by means of eae mor, sb 
finement) into, the concepts of aynamsC’ pot 
damental theories basic to piel by PE pif 
Again the dilemma could be pon bU je ap’ 
with the more fundamental theori all th eo) 
procedure can be expected to aa ne gne” 
drawbacks usually encountered a 

ing of chemistry topics begins ries git 
tal (physical) concepts and theo the ge pro” 

We will now try to summarize to 


rae 
of the preceding arguments: In O 
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vi 
te m e pronen conditions of meaningful learn- 
basic and rit the great subsuming power of 
be exploit ERR chemical concepts must 
ing of the. and, at the same time, the build- 
iA conceptual network must be 
aerias A conceptual networ 
back to a those concepts which can be 
t n S (physical) theory. In order 
ical phen these concepts to observable chem- 
approximate ver they are introduced in an 
f these e version, linked to certain models. 
a way PE a are carefully chosen 
er A MaN Be established within the 
ate versi of fundamental theory, all approxim- 
© agree ons of a concept can finally be shown 
rom ate the same concept as it emerges 
Problems amental theory (e.g. chemical bond). 
Patible connected with the seemingly incom- 
hat Ninn of the models are overcome at 
introduced” Hence, before a given concept is 
determine? an investigation must be made to 
approxima whether it can be regarded as 4? 
oe, i version of a fundamental concept, 
e con ther the models used to demonstrate 
theory cept can be derived from fundamental 
a moc of this kind should be used 
Oh Pg chemistry. 
5 so fi other hand, chemical 
Schicapies ne that a great number of basic 
flected fons smnuonien. wots” cannot be con- 
fundame, or only in certain versions) with 
Species) Sz theory (e.g. the concept chemical 
subsy In order to exploit their explanatory 
makja suming power, while at tne same time 
definea ne possible connexions with the well 
Context, network of fundamental concepts, the 
in which they become patible with 


unda In- 
in 


k is well 
traced 


in such 


phenomenology 


com] 
be stressed. 


ntal physical conce 
fo Proceeded dere far ret enould be 
r tiniest of conceP 
n y seem as if the rroblems 
the tg Preceding pas ine a pearing only at 
is rtiary educational level- 
Complegect Tt Should be quite opvious AS 
Congas, S¥Stem of science education 
able ived in an integrated form 
at a (7 Simply wrong introductions 
higher q, level are not to block pasa 
evel 
D e 
the 1qscUssion up to this p° 
of Tn that restricted Or 
istpyr mental concepts cone, 
tru y S conceptual network. of 
aPpljo, OTe is a wealth of concepts 
Whig Cability and great subs 
Uisheg o quantitative relations = 
and which cannot onnecte 


int may PAV 
approx mate 
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arbitrarily to fundamental concepts. These 
concepts are necessary and cannot be dis- 
missed unless they are replaced by some newly 
formulated fundamental concepts of chemistry 
Whether or not it is possible to reduce saeh 
ad hoc concepts to a form relatable to fun- 


damental theories is an open question, 


INSTRUCTIONAL METHODS 


de range of phenomena and their inter- 


The wi 
pretation on a molecular basis which consti- 
tute the subject of chemistry cannot be taught 


py verbal and written instruction alone. It is 
universally agreed that for example laboratory 
experience is indispensable, for only here can 
a notion of the multitude of phenomena and 
possible observations that cannot all be 

taught in rules, laws, and principles be ob- 
tained. But which instructional procedures 
yield superior results in chemistry? 

During their discussions of this question, 
the Working Party recognized that no single 
all-embracing theory of learning exists at 
present which could serve as an adequate 
model for the development of chemistry courses, 
Many of the elements of curriculum and course 
design in chemical education will continue to 
pe based on empiricism. Little is as yet 
known about the effect of different instruc- 
tional procedures and practices on the learn- 

ng behaviour of students with different psy- 
chological characteristics. Genuine progress 
he establishment of sound educational 
ich to base instructional pro- 
cedu: ical education can only be 
made through @ SY 
instructional conditions cause what type 


of learning outcomes 
To achieve this should be con- 


tant long-term aim of chem- 
Chemical education 
tunate position of having devel- 
3 in rec s a large variety of cur- 
projects in which many different in- 


tional practice 
ects, tO see what psychological generaliz- 
ply to the results of different 


11 differ with © 
multinational experimental 

jes of the psychological aspects of teach- 

ing chemistry should be encouraged. 

In the course of discussions on psycho- 
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aracteristics of human beings, the 
oo pee also touched on the subject of 
chemical control of behaviour and felt that 
more should be known about this topic. On the 
one hand, these examples, when incorporated 
in the course of chemical instruction, might 
well emphasize the importance of chemical 
knowledge for the understanding of the life 
processes. On the other hand, more knowledge 
of this aspect might provide the basis for 
understanding certain natural limitations to 
induced behavioural changes. The Working Group 
therefore recommended that Unesco might com- 
mission a source book on chemical controls of 
behaviour, e.g. pheromones, mosaics, circadian 
rhythms and brain chemistry. 

Among the efforts to provide for optimal 
educational conditions should also be counted 
those which aim at the prevention of possible 
limitations caused by lack of essential chem- 
ical substances during early development of 
the human body, especially the brain, 

The Working Group therefore recommended 
that a study be made on the relationship be- 
tween brain development and physiological con- 
ditions, e.g. dietary deficiencies, 


CONCLUSION 


What can be learned at present from research 
on science education? 

‘Two reviews on research in science educa- 
tion, one covering 150 items published between 
autumn 1964 and winter 1969 on levels from 
first grade to college by M. Belanger, (35) 
and one presenting a review of 204 items on 
Secondary level science between 1968 and 1969 
by W. W. Welch (36) point to the same fact: 
only a very few crude generalizations can be 
abstracted and these are of limited applicabil- 
ity to the design of chemistry courses and pro- 
grammes and can hardly be related to learning 
theories, 

Belanger characterizes the problem of re- 
viewing research in science education in the 
following way: 
7 mien indices show that there is 
sept teen Standard set of categories ( "con- 

& >» problem solving", "discovery 
cal thinking", etc.) for 
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case it becomes all too easy simply to des- h- 
cribe and then tear apart the studies on tec 
nical grounds alone - can it be asserted on 
the basis of X and Y studies (examples from 
different subject areas and procedures O ae- 
by Belanger) or 30 other variations, that 
covery learning' is superior to some — 
variety of learning? What is the status 0 

the construct discovery learning? «++ f learn 

Thus the dilemma facing a reviewer 0 pitiave 
ing studies goes beyond identification, Fane o: 
and generalization and extends to the ean 
the learning categories themselves. A mo = 
probe into the meaning of these categorias y 
immediately leads to difficult philosophic 
questions about the nature of knowledge 
knowing, 

With respect to the textbook definiti arn- 
of learning as ‘change in behaviour’ and 
ing theories, Belanger says: jn this 

'The conceptualization of learning evalu” 
way could be used to subsume studies in or any 
ation ... or studies in attitude change ever 
study where achievement is measured. anes by | 
if an attempt is made to narrow the vane ngi | 
adopting a notion such as Ausubel's MeT oarnin8 
Verbal Learning or Piaget's notion of term for 
in the broad sense, as simply another cien? 
intelligence, then very few studies in E ner 
education could be identified as within 
domain,' or de 

Furthermore, with respect to the P rasi 
sign of many of the studies, Welch stê a un- 
'Much of the work appears fragmented roi 5 
inspiring with little impact in the 5° tiva- 
Perhaps this is due to the fact that mo” ome 
tion for most of the work is completing po” 
external requirement, a thesis or eS abou" | 
port, rather than generating knowleds 16 | 
th othesis otk 

e educational process, This hyp of " g 
Supported in some sense by the quality o oir 
that appears in a few places that nene qner? 
research projects associated with the i 
is hope for educational research only gote 
experienced researchers are able to the 
the majority of their time to seeking ons. 
answers to important educational ques nis pe 

Welch's statement is supported Ena mor 
finding that of the 204 studies review’ ne- 
than one-third were dissertations, i 15 con 
sixth were non-journal articles. as tnat of 
nexion he remarks that ‘this sugges educat on 
more than half of the total science rese? 4 
research effort is either an initial 7") jsn 
undertaking (dissertation) or a non-P 
report, ' 

With respect to chemistry as t 
of science education research, the A tne oy 
Shows that only about 10 per cent ° t matta 
ies (20) dealt with chemistry subje?’ gti? 
Half of them were concerned with evā 
of the CHEMStudy programme. 


t 
ec 
ne eu J 308 
omp tut 
e 


Thes 
So very ep may serve to indicate why 
the psychol e can be said at present about 
chemistry EAE processes in understanding 
teaching. n the basis of research in science 
The 
ely te tha 26 that we have dealt so extensiv- 
in this pa e conceptual structure of chemistry 
relatability are, first of all, because of its 
this cere to existing learning theories 
Conceptual es the hope that knowledge of the 
Ployed to a of chemistry can be em- 
ake learning more effective in those 
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areas where the structure has been or can b 
explored) and, secondly, because a better 
edge of the conceptual structures of scie: Te 
may help in understanding the relations of th 
sciences among each other (not only beti = 
chemistry and physics as indicated aes. i 

we succeed in conveying to our children ana 
students 4 feeling for the relations betwee 

the sciences and petween the world in sites 
live, we may be able to foster a new Rene 


in them. 
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Modif: 
odified roles of the laboratory and other methods 


of teaching chemistry 


I 
NTRODUCTION 


Great 
d Pro 
ame Pg has been made over the last two 
tee in the development of chemistry, re- 

S and pri accumulation of new chemical 
neiples, Students should obviously 


tea 
rn 
ch more 
Smistr of the new discoveries in their 
a detailed 


al 
PPraisa] Br a but this calls for 
the the dere type of course to pe offered 
arge ex ing methods employed. considering 
ing -vels a of student intake at vari- 
reg chemisty education, new methods of teach- 
Ulis pressa ee initiated and their 
reo, Pere seg evaluated. 
of nt Nearer been a growing conviction in 
a irait a the standard lecture system 
Bees effecti ional chemistry course is not 
tabı Subject to This method of teaching nas 
čati Sonea a number of criticisms, PO- 
the oS bet ing the lack of two-way communi- 
avis cen the teacher and the student: 
agp out all Presents facts and principles 
n It 5 ‘on the students much time to 
se tone one argued (1) that the traditional 
mata 28 ang a teacher, namely collecting: org- 
dy n pee vast quantities o 
ra resine important points, repeat- 
© inter oE facts and theories» and pre 
lay “als, “TEE examples an Ilustrativa. 
hief It is P be discharged by printed ere 
Studen, eta urther argued that, @ though 
Dine tS. s on of the lecture 15 
ang, them ome other way can be 
trag torial yon as supervising 
From tional ek, It seems © 
PDing he a a system & 
Yua] pS» an ents in the form 
home d criticism is not jok 
Rot Pr work assignments and Mgr 
Ovide k which is 
te g e Sane a cng oe eee the 
M heen value. on the sys- 
has es the traditionel oture Sy 
regarded as @ waste ° 


jonss 
of questio 
ossible- ape 


by Sjamsul A. Achmad 


The trend towards reducing the 
devoted to lecturing has be- 
chemistry teaching at 
mone” g secondary 
last few years a major 
of laboratory work in the er oe hin ere 
has been the insufficient opportunity for x ? 
dent discussion in the performance of labor A 
tory experiments, while the new curricula F 
have put more emphasis on the role of inquiry 
prove laboratory instruction 
> 


In an attempt to im 
several schemes have been tried experimentally 


by yarious schools, In most of these schemes 
the 'cook book' procedures giving a detailed 
set of instructions have been replaced by more 
challenging experimental work in the spirit of 
+ research. 
This paper tries to summarize the new 
ods of teaching chemistry, in- 
nstruction, during the 
Emphasis will be on those exper- 
that attempt to develop the instruc- 
procedures used to teach chemistry. No 
11 be made to discuss studies on the 
+ of course description, or on the 
f educational technology in 


chemistry. 


learning time. 
amount of time 
come common in 
and university 

During the 


+tempts and suggestions have been 

rder to improve the instructional 

of teaching chemistry courses. In 

more emphasis has been put on 

tudents in the learning pro- 

da on the assumption that the 

cpadents can learn on their own whatever they 

P expected to learn in the traditional cour- 

p Given this assumption, it seems that such 
sx n accommodate larger numbers of 

the traditional lecture course 

s are free to consult 

an other sources of information and 

japoratory investigations. 


empts, 
tne role of the © 
s is base 
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The Keller Plan or self-paced method 
The Keller sien or seitnpaced method 


» Or personalized system of 
THE ee Cot. oi self-paced study, was 
ae developed by F. S. Keller and 
. Sherman some eight years ago. It was 
Cat as an alternative method of teaching 
dergraduate courses, It is self-paced, mas- 
mane oriented, students’ tutored instruction, 
(2) It is based on the concept that the stu- 
dent is an active element in the teaching pro- 
cess, rather than a receiver of information, 
while the teacher evaluates and responds to 
the student's effort, 
It has been indicated that learning is a 
three-step process: presentation, response, 
and consequence,(3) This means that in design- 


ence of 


between the extremes of programmed instruction 

and a semester plan of lecture (presentation), 

final examination (response), and course 

grade (consequence), 
In this Scheme, the subject matter of the 

course is divided into units of work. (2, 4) 


tudy guide which states 
each unit. Each study 

r statement of the 

a reading assignment 
optional readings, 


guide consists of a clea 
objectives of the unit, 
from one or more texts, 
and a problem assignment, 
When the student feels that he has satis- 
the objectives of a unit he can ask the 
ructor for a test. The student writes the 
in the classroom and presents it to his 
who is an undergraduate student having 
already Passed the course, When the student 
Passes the test he is allowed to receive a 
Study guide for the next unit from the instruc- 
tor, However, if he fails he has to work fur- 
ther and take another test on the same unit, 
5 left to the student. He can 


fied 
inst 
test 
tutor 


nly sparing- 
to students who are 
+ a student can only 


; after he has passed a certain 
basia Stk. The lecture is not to impart 

urs 
žo cig materials but is mainly intended 


available to enhance the self-paced approach 
that characterizes the scheme, all 

A student who successfully completes a 
the units is guaranteed a pass grade in be 
course, subject to satisfactory completio nis 
of the laboratory programme, He may ie 
grade by showing outstanding performanc tain 
an optional final examination. Under oe een 
conditions, a student is allowed longer 
the usual period to finish his course. the 

The tutor plays an important role in ae 
Keller Plan. He is expected to exenane pa 
dent's problem assignment before giving the 
a test, in order to reduce the waste of ade- 
student's and the tutor's time due to = 
quate preparation for the test. The tu ors 
also detects problems and discusses err 
after the unit tests, to 

The main role of the instructor is 
vide study guides, to make tests, 
and to review the testing programme, an 
vise the tutor, to conduct the Senen anas 
also to help students with special pro ted. (5 

A course manager may also be appo all 
His responsibilities are to assure tha yjable 
the study guides and unit tests are woe 
upon request during class hours. The nae each 
also keeps records of the tests taken o 
student. He is free to serve as a tutor: the 
may assume some of the responsibilities s - 
instructional staff, depending on his 
ground, the 

The Keller Plan has been tried ae uel 
teaching of introductory chemistry eee 
(6 to 8) In one of the programmes (7) ts tO 
course material is divided into 19 ee 
be mastered in a given order, Two of that jo 
units contain only review material 5° top 
the students can learn to synthesize ts 
as a whole, unit” 2, 

A student who completes all the rA cours? 
is guaranteed at least a B grade in f the if 
subject to Satisfactory completion onits iR 
oratory programme, Completion of 16 inimi; 
rated at C, and 12 units at D - the D grade 
passing grade, The laboratory work i m- 
on a pass/fail basis. se jel 

Wier aan e are offered during ô spectare 
ester and these cover more ioe d 
interest topics; no effort is made 
materials covered in the text. 

It seems clear that the students 6 
enthusiastically to the system. ee ae 
feel that they have learned more eure he 
System than they have using the lect). 
cedures, However, the end results ° thos? 
Scheme do not seem to be better moi 
obtained by the conventional methode 


pro” 
niste” 


d 
on! 
res? aem 


Modified individualized instruction 


Pica Programmes have been developed to in- 
ary ualize chemistry teaching in the second- 
and ee 10) They follow the structure 
e characteristics of the Keller Plan. 
dona a particular programme, (9) the behav- 
into objectives of the course are arranged 
inte a hierarchy reflecting the dependent and 
e rdependent relationships between them. 
TE also divided into a set of basic ob- 
ew ar and optional objectives. Only a very 
Nites te can reasonably be expected to 
Schoo] the whole set of objectives within a 
all th year, The practice of trying to achieve 
Hering Objectives in order, following the 
Tody chy, would indicate that some topics in- 
many ced early are studied too intensely while 
studeny S? topics are considered by only a few 
s S. Individualization of the programme 
Provided through optional objectives, and 
Student is permitted to learn at a pace 
> to his own particular abilities. s 
he ori student receives a complete set o 
Sptionss tives in which the basic and the u 
A cop al objectives are indicated separate i 
teq r of the hierarchy chart is also prese 
anni the student in order to guide en ta 
at Ng his study, Each student must ac 


Scare 
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all structure of the whole course, its goal, 
and the interrelationship between topics. 

A student starts the course by selecting 
a topic to study. He then consults a set of 
file cards which direct him to various sources 
of information, such as texts, film loops, film 
strips, tapes, etc. The teacher gives help when 
it is needed, Whenever the student feels that 
he has learned and understood the information 
he can take a test by selecting a test card 
for his topic. There are also parallel labor- 
atory sessions and essay writing or correla- 
tions which the student can select from a list 
of topics. 

One formal lesson is offered each week to 
back up these approaches, However, attendance 
is not compulsory and materials covered revolve 
around those given in a hand-out, This sequence 
is repeated throughout the course after the 
student has determined his own routes within 
the chart. 

In this programme the role of the teacher 
is to seek and prepare new teaching materials, 
and to work individually with students who may 
have special problems. i 

A programme to individualize chemistry. 

n an open secondary school has also 
been developed. (11) In this an attempt is made 
to individualize chemistry in a way that com- 


cepts and problem solving with lab- 
Ee Gee With the aid of the tea- 


teaching i 


least i and he 
is the basic set of objectives, oratory experiments. 

toner encouraged to study areas of special cher, each student establishes his own goals 

T] to him, ourse for the course. the necessary balance 
"heneyon eudent is given a grade for bie In apanr +o. pror a A T 
op hever 2 ae achieved all tha PPAS ranie jevel en, age i Wet Tags. tata G 
Performa, as demonstrated a bjectives. oe onents: teacher-directed classes and 
th This $ nce for all of the O onelusion that come ent-directed laboratory sessions. 

e Stu Xperiment leads to the ¢ than the stu teacher-directed classes are composed 
Convent, tS learn more on their own seit The “Pre modules, up to three in number, 
few tionally taught students. However, of 15-minu of modules occurring up to five 
Tea, “Udents TeaeH than is necessary t9 and such sets k, depending on the nature of 
addiy Pe basic aa ts of the course In times each Wee“ ev covered, If the students 
obj t on, ont requiremen tempt to achieve the material to tn solving the problem related 
Chaps tives r ts Bong Hagel peyond the meet need assistaric h has been introduced, prob- 
Pagter o Staken Wo paapa E that the to the concept wh naaaled. Question days may 
amg MORE examined s Tae ined by the ex- jem days can be eee give the students an 
E na ia of them is determ fore desirable also be schedule k any question related to the 
Eo aat ion scheduler ree there ee ay a eae 

n Deh Se š onceptS» e at any of these 
teg 4 Sim ee he is ready A e repor- tions: ee 
nig? (20) Tey Programme has alse e students classes is option.” ons, and question ses- 
Da. h an is intended to prov: vance of ê The concep tilized by the students in 
tet cul erstanding of the rer SOT sions are M at of laboratory work, The 
the counsa topie to the whole raed that the ger are not scheduled, but 
Dro Student In this way it is ar d their ý jaboratory Say js open and available to stu- 
in Bre i S will see their 808. vate pu the labora and afternoon. The student may 
thes te oe onpimually, and oe increas dents morna work whenever he eng een time, 
r and time to ma ome in i jded with a large variety 
TOEA topics be covered pecie student is Poratory sure eR tons, ie 
Ne Scheme various to. sifie of open- equire that he take his 
er a p. chemistry course are TeS at Ou majority of a 
a cha oY Main headings. They a the over 
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problem into the laboratory in order to obtain 
a reasonable answer. 

At the conclusion of each quarter the 
student and the teacher evaluate the progress 
made. This written evaluation becomes the 
student's permanent record. No grades are 
given and credit is not used or required for 
graduation, 

The primary function of the teacher is to 
provide learning activities, from which the 
student can make his selection, These include 
a large variety of laboratory experiments, a 
varied cross section of chemistry problems, 
and a selection of concepts organized in such 
a way as to assure the structure of the dis- 
cipline, 

It is recognized that this programme is 
most suitable in situations where the majority 


of students will not need a profound knowledge 
of chemistry, 


Minicourses or student self-selection 
ses or student self-selection 


approach 


A student self-selection approach in science 
teaching at secondary level has also been de- 
veloped in order to individualize education, (12) 
It is based primarily on the assumption that 
students learn most readily when they are 

given an opportunity to understand, discuss, 

and choose what they are to do and how they 
are to do it. 

In this programme the course of study is 
divided into 17 units or topics, Resource 
boxes are assembled for each unit, containing 
charts, Pamphlets, and Supplementary readings 
Pertaining to the theme, 


Every six weeks, each student selects a 
new unit of study, Only six of the 17 units 
are made available every six weeks, in accord- 
of teachers available, 
explained to the students 


which requires about 5 to 
x weeks, 


provided, 
ments and group 


This Programme has sev 


i 


pa © of study in which 
re. ested, In addition, each st fan 
resh start with eens 
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Contract learning approach 


Studies have also been carried out on program- 
mes in which the student and the teacher 
Jointly develop, through discussion and ne- 
gotiation, a plan for a particular aspect of 
the course, and the resulting agreement or 
‘contract’ is open to renegotiation as needed. 
(13, 14) 

In one of these experiments (13) a student 
is asked to complete an independent research 
project, involving laboratory work and library 
research, The student, together with the teacher 
determines how much work would be required to 
attain a particular grade level. While the quan- 
titative aspect of the project is determined 
jointly, the qualitative aspect of the work 15 
determined by the teacher. The student is asked 
to select a project to be investigated, and tO 
indicate the grade he feels is realistic for 
him, The student is allowed to change this 
grade until a predetermined date, Together 
with the teacher, he also makes an agreement 
that if, at the end of the project, he achieves 
the standard of content and competence, he wil 
receive the grade he had previously indicated: 
On the other hand, if he falls below these 
Standards, he will receive a grade determine 
by the teacher, If the student does more work 
than he has previously been willing to do and 
has not asked for a change in his declared 
grade, he receives the grade he has originally 
indicated, 

Tt has been suggested that students are 
aware that they are competing with themselve® 
rather than with other students in the clas®- 
They like the Programme because they know whe 
is expected of them and what they can expec 


in return, 
Tutorial and discussion approach 
Tutorial and 


discussion approaches, in wns 
lecture time has been reduce 
have also been studied exper- 


the amount of 
toa minimum, 
imentally, 

In a tutorial 


of 
appro, course t 
study is divided into coch (15) the z 


nto seve its, Each is oF 
has detailed operational ve onl 
ives which spel] out what the students are j- 
expected to learn, including homework assiar a) 
ment questions, A one-hour lecture plus 5°Y nt? 
tutorial hours are Provided each week. Ce 
are allowed to atteng additional tutorial® 
they feel these would be helpful. ami” 
At the end of each unit there is an o* ame 


i } 1 Jents know tr to 
day. This ins 


prepa tant feedback allows students go 
Stad re for a retest should they wish ie a 
ents are allowed 


to take as many te® 


\ 
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necessary to obtain the grade they consider 
hind In an attempt to individualize 
nstruction, students have a choice of several 
texts, 

owe oe laboratory is open for some 15 hours 
as atic and students can come in as often 
for ey wish, but must attend the laboratory 

a certain minimum time. 

of Phe evidence seems clear that this method 
a ig is effective when the number of 
alee a is reduced to a minimum in order to 
thelr the teacher to keep a close watch on 
Ga Drogness, Tb has: also been claimed that 

t SaRaNa has several specific advantages. 
self P anc the development of maturity and 
iea iscipline among students, develops prob- 
aios ig Skill by using open-book examin- 
Usm and encourages sound study habits by 

Siora E homework assignments to be completed 
produs each examination, Evidence has also been 
achieves that this method leads to better 
Wine non (and lower attrition) than is ob- 

by more conventional methods. 
bores a discussion approach, (16) a major 
Clas n of the teaching period is used for 
T discussion and tests. 

E weekly teaching is d 
Sented v At the beginning €& 
Portant ene lecture notes wh 
during parts of the material 
and p the week, They also include proren 
Stude > rences to outside reading. After t e 
offence has studied the notes, & lecture nA 

resi in which the teacher covers the high- F 
Peri S and answers questions. In the next clas 
od verbal or written questions are discus- 


Seq 5 
n examination, 


ivided into three 
ch student is pre- 
ich highlight im- 
to be covered 


The last period is used for a 


Coy 

lage ing material outlined by th notes. The 

i Portion of this period is used to oma 
oute. 


xamination, and new notes are hande 
repeated two 


ig sequence of periods is 
Elven co times, Afterwards an examination 2 
the Bros all the materials outlined by 

©vious two or four notes. 
Bidens CTS that this method is Liked by the 

nt 5 because they have 6004 le 
pa z which they 
have free from the frantic writing ve ning. 


© do in traditional methods of 


ping 


hin er ve endl with 
imum “&FSion of chemistry goer undor” 


ta 
al 
roin, (qp) Unt of lectures ha ecturess 
Wore te With the elimination ka poratory 
peek ang “Ching is concentrate anne 
Se tut or thi ge 
Int? the grorial assistance” cour’ 
Seay Smaq) tudents are divide i tutor 15 
leneq į ETOUps of about 10, 


fo) each group. 


Each student is provided with a guide, 
enlarged upon by a suitable text. A regular 
assignment is set to establish contact between 
student and teacher, When the student has com- 
pleted the assignments they are marked by the 
teacher with appropriate comments, then returned 
to him, In this way the student recognizes his 
progress, while the teacher can assess the per- 
formance, 

Maximum integration between tutorial and 
laboratory work is one of the outstanding 
characteristics of this scheme. Each small 
group is provided with a specially designed 
laboratory bench and sufficient space for dis- 
cussion and tutorial sessions. 

The structure of this programme has also 
been applied to external correspondence cour- 
ses in chemistry. The external student is 
expected to attend on-campus school for a 
certain period each semester, during which 
laboratory work and discussion are conducted. 
The discussion is recorded, and a copy of 
the tapes is sent to the student in order to 
assist him in recalling the whole atmosphere 
of the laboratory discussion. The occasional 
lecture given on campus is treated in a sim- 
ilar waye 

It has been concluded that the small group 


teaching method has several advantages. Homo- 
geneous groups can be formed, based on the 
This makes it possible 


ability of the student. 
to treat each of the groups differently with 
respect to the method of teaching and the 


amount and depth of the subject matter pre- 
sented. In addition, emphasis can be placed 
on the development of an ability to communi- 
cate ideas, and on the improvement of the 
student's self-confidence. This aspect of the 
course also allows @ continuous evaluation of 
each student without too much reliance on a 


formal written examination. 


ish Open Universit course 


the Brit 
vide a university edu- 

the United Kingdom, an 
e has been developed. (18, 
its second year of 

considerable inter- 
and there are no 
although students 


attempt to pro 
Ton for workers in 
open University cours 
is currently in 
and has aroused 
no campus, 


studies of this programme 
ed course composed of 


consist tua. units; covering chemistry, 
44 concep je sciences: and earth sciences, 
Pp ee? ja weeks tO complete, involving the 
4 take about 10 to 15 hours of study 
tudents 17 e total enrolment for the course 
cach wroxinately 10,000. 

s 
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The course is designed so that the student 
can learn at home. The study materials, such 
as texts, study guides, assignments, and ex- 
periments are transmitted by mail, television 
and radio, The experimental part of the pro- 
gramme is based on a home kit supplied to 
students. 

Tutorial sessions are available at regional 
centres, Students are also expected to attend 
a summer-school week comprising intensive lab- 
oratory and tutorial work, 

A student's progress in the course is 
evaluated in five ways: self-assignment, com- 
puter marking, tutor marking, summer school 
marking, and a final examination, All, except 
the first, contribute toward the final grade, 

It has been found that the original idea, 
to provide a post-school education for British 
workers, has not been successful since the 
working-class enrolment is very small, This 
indicates that education cannot be imposed on 
people who do not genuinely desire it, 


LABORATORY INSTRUCTION 


The need for im 
in chemistry ha 


very ba; 
dina new situa: y basic techniques 


ey hay tion, in other 
Ša ae, not learned how to use ane or 
a chemical Problem “perimense 
5 . 


he pre 
f the traditional © arene over the 
cti 


tion seems to a "Opod of laborat- 


way. It ha 
ork in che 
nto severa] types: (20) 
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1. Experiments done by students. 

2. Experiments shown directly to students. 
3. Experiments shown indirectly to students 
by the use of some kind of visual aid. 

4, Experiments which are merely described, 
either verbally or in writing, by the 

teacher or in a book. 

It is assumed that the order of priority at 
School level is 1>2>3>4, and that only the 
classical experiments come into category |. 
At the tertiary level, categories 1 and 4 are 
predominant, 

It seems also clear that, in order for 
experimental work in chemistry to be product- 
ive, it should include several currently 
accepted objectives of laboratory instruction. 
Some of the objectives are: (21) 

1. To develop observational, manipulative, 
preparative and instrumental skills. 

2. To acquire, illustrate and amplify chem- 

ical knowledge, 1 

To stimulate thought through experimenta 

interpretation, n 

To recognize the precision and limitati? 

of laboratory work, 

To record accurately and communicate 
results clearly, 

To develop personal responsibility anā 
reliability in conducting experiments. F 
To plan and carry out further laborator 
work by the effective us of available 
laboratory resources, 

Specific behavioural objectives implicit — 
each of the above objectives should be 7°? 


r 
tnet 
Fa ag understood by the students, ane serue” 

ree of achieve eae 
ie, eee ment evaluated by pkiné 


f S no doubt that the actual mês ow- 
a E work is a difficult matter. 

er, in order to avoia t between 
objectives of n 


3. 
4, 


5 
unt of laboratory work in chemi” gr 


ng spent on laboratory woni 
T undergraduate course in tne 
ted Kingdom amo ile 
unts O, wh 

figure is oy to about 1,000, 


5 on er 2,500 hours for a pone ow" 
years, in some European countries: 
ever, the pres pote 


noo - 

Sure exercised on the S° 112 

“hemtetiy curriculum by the examination Pern? 
US,with the heavy demands it implies se to 


aterial to be covered, oe 

minimize the time which can be spent OP buffi? 
aoe work. Several schemes, such as Ë : 
1 2 

a D England, have tried to reneo ovan 

ation by ensuring that the chemist 


riculun depends r ical work, Ya or 
on 2 i 
2 practical ti 


n 
eing no more than an OP is ° 
“xtra. In the Nuffield scheme the emph® 


Modified roles of the laboratory and other methods of teaching chemistry 


r: 
a work is reflected by the fact that 
of "the Fi marks represent about 12 per cent 

Pe nal overall marks. 
übte si about laboratory work as a suit- 
the Jast : ional device has given way during 
improveme oy years to a great interest in the 
instruet nt and development of laboratory 

ion in chemistry courses. 


Disco 
very method or problem-solving approach 


Alt 
i the amount of time spent in the lab- 
e r ae between schools, there is an 
also be se awareness that chemistry should 
emphasiz aught in the laboratory in order to 
peri the character of the discipline as 
iments — science, (22) Laboratory exper- 
right ia ould be made the centre of interest 
istry, rag the beginning of a study of chem- 
Study of Pi interesting to note that in @ 
ratory 4 he inquiry-discovery method of lab- 
Na va nstruction (23) it seemed clear that, 
the in riety of actual learning conditions, 
theta method of learning results in sig- 
ns better performance by the students 
®dures with the conventional laboratory pro- 
i . It has also been reported (24) that 


Udents! 
tory „> Performance in the chemistry labore 


C 
Seaures, bi enhanced by student-centred pro- 

i as freeaa such a programme the students nave 
ne goal om to discover and clarify the learn- 
n a and can develop the think- 
fre appr a problem on their own ae 

agp men h oach to laboratory ins n 
paleve iy been developed (25) in order to 
AA TA ne a In t 
Wae qa poal courses of one 
ex is Feas hours for labora 
the > aced by two four-ho p 
on S seS these the students work both Oa 
foy’S ea Toom and in the laboratory: anil 
ie cm Student an opportunity to discove 
wi the 1 lf much of what is ordinarily ac 
Fa Brey Tes The student is 215° confron 
ag and is expected to devise 
t has ased on his experimental resis a 
topy Sood been found that this approa 
tool to introduce an illustr 


Pig 
at might be found abstract # 
he 


tory W' 
ur per o 


ture S th 


ie poih become real in 
the Portant aspect of the 


St e 
ty S28 m udents gain a deeper unt gred 
inten thods of science, bY peing "ee 

r 


b 
Sturge Pret an exp 
S, d analyse their 


of physical properties and their measurements, 
various methods of analysis, identification 
of unknowns, and syntheses of compounds. The 
task of the students is to collect data by 
using any means available and to interpret 
these data. Prior to each laboratory session 
a lecture is provided for the discussion of 
various manipulations and laboratory techniques, 
and of chemical literature searches, After a 
student is given an assignment, he has to 
write up in detail an acceptable procedure 
which could be carried out with chemicals held 
in the laboratory. The laboratory is open the 
whole day. 
The findings of this study indicate that 
students’ response to the scheme is very favour- 
able, because they can see practical reasons 
for doing laboratory work. The scheme teaches 
students to decide which procedure or test is 
to be applied in order to provide the necessary 
information, and to make deductions on the 
basis of their results. However, implementation 
of this unstructured approach to laboratory 
instruction seems rather difficult at school 
and in the early years of undergraduate courses, 
pecause of the extensive resources it requires. 
The approach also makes large demands on fac- 
ulty members, and the programme can only be 
effective for a large student enrolment with 
highly dedicated and competent teaching assist- 


ants. 


struction 


Integrated jaboratory in: 
to laboratory instruc- 


roach 
eral semesters has also gained 
ng the past few years. (29 to 31) 
intended to help students 
This approae chemistry js a single discipline, 
paren inorganic, etc., are inter- 
orga erlocking parts. Lecture and 
pha ses are separated just as if 
Tae aifferent courses. However, the 
signed in such a way 


co is de È 
ds the various sub-disciplines in 


g sev 


ists of several labora- 
the freshman year. In 
ts to carry out their 
laboratory session 

on techniques, and 
ineiples involved 


rseSe 
amme cons 
following 
jst studen 
rk, each 
discussion 
pegin ation of the pr 
A imente 
“ogramme, (30) the experiments 
zed bY jevels of sophistication. 
eriment jnelude various major 
of chemistry. The programme is designed 
japoratory experiments correspond to 
etivities of practising 


na 
ary 2 
cont a eF y *icnieved by selecting exper- 
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j ed on results reported in the cur- 
a literature, At the beginning the 
students are not completely free to choose 
their experiments and must take certain basic 
experiments, but beyond them they can choose 
any of the experiments on a list. 
Research problems are also an integral 
part of the scheme, and in these experiments 
students may participate in an ongoing research 
project conducted by a faculty member, 
Lectures may also be provided as a part 
of the laboratory course, They are more sophis- 
ticated and more theoretical than the usual 
simple instruction in conducting an experiment, 
It has been claimed that enthusiasm is 
generated among the students and staff because 
of the individuality of each programme, Each 
student's programme is tailored specifically 
by himself, Also, the research nature of the 
high-level experiments imparts a degree of 
realism. Another important feature is the high 
level of personal contact between faculty mem- 
bers and students, However, this programme 
presents an organizational problem. It also 
demands a great deal of f 
ing in less time availabl 
tion and research, 


aculty time, result- 
e for class prepara- 


Winter term or interim course 
n or interim course 


The value of research exp 
ate students has been w. 


extended 
ory. The availability a 


re part, 
providing richer, aves oe Sign 
varied experien penetrati, 


ces in + 2 and m 
A great variety of pron oratory, ore 


tunities have be 


en introd es and op 

f eed por- 

ew years following the Hi Ha the past 
concept, 
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(33 to 36) This course involves a small oe 
ber of students, for a period of one a 
in the study of a single subject in as me 
detail as time allows. Projects offered i 
this course may be related to the ongoing 
research interests of the faculty, or T eie 
specially designed in order to pune at- 
dents in particular techniques or inves eae 
ive skills, or may take the form of less ae 
nical projects designed to furnish a ge 
ful science experience for non-science § ite 
dents, The course usually has a ae el 
of two years of undergraduate study. nai 
faculty members share equally the ina aaron 
bility for the course lectures and labora 
ories, rse 
In one of the programmes (34) the agent 
is divided into three periods, and each r 
iod emphasizes a different aspect or LENS AOF 
of involvement in theory and laboratory Psion 
tice, The programme begins with a ee 
between the students and the faculty mem 
This discussion leads to a selection of dir 
specific problem, The students are then epar? 
ted to the literature and are asked to Pewee? 
a working plan, Additional discussion be 
the students and the faculty members oe 
result in a final working plan for the Oe 
gramme, The programme can also begin wi is 
class instruction after which a student ite 
introduced to the reference and Journal 
erature. During this period, he peel ne 
instruction on how to keep a research TO nái- 
book, and demonstrations on the uses Of moved" 
vidual pieces of equipment are also CO? 


i 

During the second period the student sa 

ea a library assignment, e.g. a deta 
abo: 


ratory procedure for the synthesis % 
Specific com = ine 


pound, j ea Y E 
oratory assignment aE identit and 
tion of unknowns on the basis of chemie? id 
Physical analyses and the synthesis © ee 
Found. Frequent discussions between the eee 
dent and the faculty member result in ê 
direction of the work, a all 
dent” 18 no written examination their 
ents are evaluated on the basis of © t 
n 
ha, It has been Claimed that when 4 stn 
hie h the assignments CPT w 
many of the an been exposed dir emi? 


a es oP 

in designing his cours®* | pr 
Sach student is confronted with his s 
lem, consi 


derable i i iativê 
alke areton individual in 
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o o programme has also been 

placed in R in which the students are 

laborator e environment of a large research 

surroundin away from their usual academic 

receives keni In this programme the student 

in seeds emic credit from his participation 

faculty me Knew seminars organized by several 

Students mbers in residence at the laboratory. 

pected AA E for this programme are ex- 

chemistry ave both a reasonable background in 

In ge motivation. 

Courses oad ape ie students take several 

Problem-solvi require’ a certain amount of 

the progra ving. The research component of 

he siudat! may occupy some 50 per cent of 

Wired to s time, Each student is also re- 

type of write a report on his research. The 

thdependsa he does varies from a completely 

research. project to that involved in team 

(0; 

te Pr ih of this programme is t 
ey can ents to become familiar w 

I not be instructed in on the campus. 


hat it 


Perm 
ith areas 


isa 
gaining So beneficial to the students for 
Ver, insight into research processes ina 
h should 


Y sophi 
be aa ae environment, whic 
in their careers as scientists. 
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Nery, SIONS 


Con, 
Side 
F rable efforts have gone into the devel- 


Pmen y 

P Pte improved instructional procedures 

pany of add teaching during the past decade. 

Sen aiteas, experiments in this field have — 

Vidin erned with individualized i 

ot the & maximum freedom and flexibility both 

Per Students and the instructor. z r 
a 


§ C 
tude has been based on the premise ai] 
en i 


iti 5 an $ 
z e indi th differ 
viduals with er vations. 


In A 
hag” äp grounds, interests ; 
RA DSe the amount of lecture tim : 
in US8si uced to a minimum, peing paplis M 
ingg UL tutorial- and assignmen metho 
Ury abe However, the majority of a 
ate e zed chemistry programmes aeveloP 
exper ular last few years tend aie toward oi 
at Piment variety, and lack relate 1aborator 
Ther *tion This is possibly pecause a 
Sa ha f chemistry is not an easy ee 
t 


a 
tis laborato a to balance concepts» “gy tha 


Ren Strugy TY experiments in such a WAY Ty 
al bg of the subject iS preserved: za 
brog etio PAS been found that gviduel* 
deni dure i is better than the tra ation y- 
thene attjo terms of the developmen” yer 
the are mh se and motivations: owate wnat 

V d e 
y the an Hn e pemn rat höge obtained 

ony are bette ctione 
It aja national methods of i f the 


S 
© appears that the de™ 


normal school c i 
ternal m ee | me a rape are 
allow full devel- 
opment of, or much emphasis upon, individual- 
ized instruction, Other constraints on the 
implementation of the scheme should also be 
recognized, such as individual differences in 
students’ independence and learning style, and 
inadequate resources in teaching materials and 
personnel particularly in most of the devel- 
oping countries. In addition, individualized 
instruction demands particular attitudes and 
a lot of the time of the instructors. It may 
pe concluded that further experimentation in 
the individual method of instruction is neces- 
sary, particularly for large classes. Wherever 
possible, such instruction should be conducted 
parallel with the traditional method. 

There are also trends towards modules and 
minicourses programmes which offer further 
alternatives for the student, thus resulting 
in increased motivation. However, the resultant 
gains obtained by these procedures are not yet 


clear. 
The Uni 
has also gaini 


ted Kingdom Open University concept 


ed some ground. 
In several experiments a 
has been made to improve the r 


oratory in chemistry courses. 
chemistry programmes have placed more emphasis 


work. Longer periods have in 
aboratory instruction. 


n more on the 
in the laboratory 
et techniques of the 


definite attempt 
ole of the lab- 
It is clear that 


discipline. 
ch to laboratory in- 


The integrated approa' la 
struction has found more practitioners during 


+ few years. Their studies point to the 
sek pe 5 ates enthusiasm and 


sion that it gener’ 
cies the students. However, 
level of sop! practised 


s too heavy @ bur" 
ramme has been prac- 


impose on 
The winter term prog Š 2 
schools» It seems a very suitable 
tised bY nee ce the student S competence in 
scheme o onenniques investigative skill 
japoratory lop scientific attitudes. 
a to deve j it may pe concluded that the 
In ponerse. f teaching chemistry reported 
various ™ tho ye made @ useful contribution 
in recent ge ansion of chemical education. 
to the r pi es process of development, await- 
qney 2° experiments in the coming years. 
ing fur r ns of each of these procedures 
The over BF pay before one can decide which 
eed f itable for any ae condition, 
oce e may still have its 
Pe t aditional E in teaching should 
merits: f traditional ideas. Lectures 
to allow an exchange 


ri 
develop or nign quality 


etween the lecturer and the 
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students. It may also be concluded that there 
is a trend towards more time being spent in 
the laboratory during chemistry courses. How- 
ever, laboratory assignments should include 
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The enhanced potentialities of new educational 


technology 


INTRODUCTION 


Mod 
ate to and electronic teaching 
Science 2) have added a new dimension to 
Ogy is education, Today, educational technol- 
hanein effectively employed as a means of en- 
educatione quality of education. Typically, 
Adaa a ne technology 1s defined to include 
a onal television and other audio-visual 
Lee ee instruction and computer- 
®Xperim instruction. In the last few years, 
onal rs employing these tools of educa- 
Sively ee have been carried out exten- 
ese „1 Yarious centres around the world. 
Studies have resulted in an encouraging 


Situa 
tion where the tools of educational tech- 
the efforts of 


Og, 
teaches pPLement and support 
cess S and students in the educational pro- 
experience 


and become part of the learning 


itself. 
W 
technol ca consider the media of educational 
Patter ogy as delivery systems for the subject 
beq pag They offer the advantages of the prin- 
a Re and in addition possess other import- 
8sett valuable features. In principle, audio- 
als kag video-cassettes, and computer term- 
an: t = be used, like pooks, for study at 
differen the student chooses. The jmportant 
media oce between the book an 
met E of human stim- 
a 

Nee aS < each engages to P 
psss onl the brain. While the P 

Sth th y the eye, the audio system can use 
names aay” and the ear. Fil 

wt She qanenston of Hoes: 
1e pri nologies also share the weakness of 

nted page - the lack of direct, 2° 


Eracti 
\Saohen gn with another human beine? 
. The e g proper Ys 
omputer, use p teracti¥ 


ine So 

e: i Opportunities for in i 
ty can yerious media of edueation® 
ale Peg be used for instruction no ti 
Gn see schools and univers eee SINE 
cati Programmes designed °° contin 

on and correspondenc? 


c 
e learn- 


courses: 


by C.N.R. Rao 


It is important to realize that media of 
1 technology do not merely involve 
put the overall design of the whole 
ituations.(3) In designing 
there should be a clear 
understanding of the objectives of the learn- 
ing area, the requirements of the learner, 
the final objectives of the programme, the 
nature of the personnel, the hardware and 
other material requirements and the organ- 
izational structure. Within such a framework, 
one should see where the media fit in. Teachers 
need to evaluate critically the use of any par- 
ticular medium, both in terms of its effective- 
ness and cost. Educational technology, handled 
properly, can answer the erying need for im- 
proved techniques in science education at all 
levels and provide individualized as well as 
self-instruction to students, while still 
coping with the large flow of students enter- 
ing higher education. In this paper, we shall 
creased potentialities 


priefly review the in 
of educational technology in chemical education 


based on the recent literature on the subject. 


educationa 
hardware, 

range of learning sS 
learning situations, 


SLIDES, FILMS, AND AUDIO-TAPES 

f slides, transparencies and 

5) has been used for some 
oses of illustration, 
ng complex struc- 


PROJECTORS» 


jection © 


ps (2, 45 
s for purp 


The pro 
film stri 


To understand spatial relation- 
tural chemistry, stereoscopic 
rticularly effective. A 

be modified into 
le slide projector, (7) 
where by simply pushing a button the first 
image bes im and disappear while sim- 
ultaneously th from the second slide 


auditoriums. 
ships in struc 


viewing 


e image 
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ted. This arrangement is good for 
shine soleieine rearrangements, intermolecu- 
lar interactions, etc, 

Material stored in the form of micro-images 
(microforms) is handy in teaching.(8) On such 
microforms, data, problems, laboratory instruc- 
tions, spectra and other information can be 
stored with the highest Possible storage den- 
sity. Microform cards can be used with elec- 
tronic data processing machines; they also 
provide compact individual libraries, 

Overhead projectors have been widely used 
by teachers in recent years.(4, 9) 
ant applications cons 
transparencies and Slides for lecture demon- 
strations and Simulation of certain 


film strips 
Of the 8mm film 
ved the most 


imental calcula 

doubts, (18, 94) 
ya of audio-tapes minimizes sched 

ems and undoup: edly provid 

ment to traditio oe 
each student 
has been 
to enable 
individual inst: 


In one centre, 
TY course 


Tuction 


A combination o¢ the teacher (21) 
E ` 
cartridge film Ioapa re recorders and 
been effectively u p 


Sed to ie rnd track) has 


courses Erg. on che ch laborator 
strumental analysis, (17) Tn erations and in- 
where the tape alone cannot sme ®xPeriments 
mation clearly, the film Agr ovide © infor. 
stration of laboratory tecni A Visual donon. 
ag ae ape is high pd Al ough 

S consumed in setti erab 
this method of teachin ee NPN p wg 
Student interest and has enables ped great ’ 

etter labo; 
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atory instruction to be provided; students 
are able to work at their own pace and can 
have more fruitful discussion with teachers 
in laboratory sessions. A combination of 7 
audio-tapes and slides is found to be effect: = 
ive in the discussion of laboratory experimen 
and lecture topics;(23) the performance of 
Students using these facilities has proved 
good. Whenever audio-taped instruction is è 
given, it is generally necessary to hand ou 
Specially prepared written material to stu- 
dents. (20, 23) 7 

The use of 16mm movies to illustrate con 
cepts or to explain phenomena has been in 
vogue for a long time, Films shown during 4 
lecture hours or help sessions have elicite' t 
good response from Students, While the ae 
of television has taken away the unique impo 
ance of 16mm films, they continue to play an 
important role in chemical education. Films 
are easily transported and stored and can be 
used with TV or for direct projection. How- 
ever, in many parts of the world, teachers is 
find it difficult to obtain educational film 
and it is most important that international 
efforts be made to ensure that films are y 
Oy aväilabie. Te shouta not be negarren 
to duplicate efforts by making films in ay 
country; if important concept films in Engl 
or any other language can be freely dubbed es)» 
into other languages (or used with sub-titee 
this would already be a great help. Glortoni= 
(24a) and Gomel (24b) have reviewed tne rae 
ization of films in chemistry teaching. Tres’ 
and Barnard (25) have discussed the import 
of the technique of animation in chemistry 
© Some aspects of editing. ssi- 
fled den chemistry can be broadly c14 eme 
Fem = two categories: (a) concept or 

ch attempt to Clearly bring out 4 

Phenomenon or iculum 
movies a concept, and (b) curr j 
Ta ted a specific area in som 
Package of films of the latter cv 
variety Covering an entire course or a curri 


en~ 
& packa, ims on & t5 
eral chemistry: ad ce to 20 fi den ur 


2 Satisfactory chemistry classroom? 

E up in all corners of the gorte: 
Pics of zeneral interest, suc” ctal 
Vibrati, ery” ar 
re ens and spectroscopy» po ul 

S, ry 
and will an ymmetry, have been ve 


can be sg. 
Films on 


c emistry 


tion by students and teachers. 


TELEVISION 


er is probably the most powerful audio- 
dagen ucational medium, It has provided new 
which ons and opportunities for instruction 
ard previously non-existent, (26) Through 
a AE EA can show things to 
dition: z which would be inaccessible in tra- 
"a res instruction, Students can participate 
Which A laboratory experience and training 
eas ould normally be impossible to provide 
ve sae classes, Television and video-tapes 
Show piel used in classroom demonstrations to 
roadeasting ¢ of experiments. Television 
ocated ing is employed to reach students 
Use of far away from the teaching institution. 
© tak mobile facilities enables the instructor 
or Sr the class on location to a laboratory 
Sener Te Television is generally less 
In ve than film production. 
vision Spite of the many advantages of tele- 
alı the it remains the most controversial of 
effort. media, (26) Some teachers consider the 
and fe in television to be too time-consuming 
individs that it threatens the autonomy of the 
achi ual teacher and his 'privacy' in his 
in ie relationship with students. Except 
Camera S piest of applications (viz., single 
Classo,  onStration in a laboratory or âa 
room ) television usually involves out- 


Sid ' man. 
ers' and ‘advisers’ and z ten iiei- 
ten = 


e 
advisers and production exper 
f production. 


bjectives or methodology © 
Val Many teachers are sceptical as to whether 
recording contributes significantly to 
uction and are not sure that the self- 
tl resulting from watching one's own 
thy rmance on television is necessarily heal- 
va oe of evaluation have shown that jeles 
insty instruction and conventional methods © 
theres tt are equally effective, and it is 
needed at sometimes asked why television a 
3 at all. While most teachers would we: 
h Opportunity to present ir classes 
teac Occasional televized lectures by grea 
tures TS? they would not like televized lec- 
Nizety Programmes to interfere wi ae 
soy jon of their courses. rotter (2 s 
tele — the controversy and applications 
on at some length. 
imp say teachers baltavs that telev 
denonse, Student observation in lectures 
“Strations) we welll 


ision does 
(through 


e 
ing op uces faculty time devoted pa fact, tele- 
iformly 


of 
Vision laboratory techniques: ing un 
ty a very effective in provid ened circuit 
7 has aboratory instruction = institu- 
ions been used extensively 7” closed 
for this purpose. (28) gven with 
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circuit TV, there should be guidance from de- 
monstrators and teaching assistants in the 
laboratory. Television has also been employed 
in problem sessions using two-way audio and 
video communication, In all such instances, 
it is desirable to provide students with 
specially prepared material on the topic con- 


cerned, 
Barnard et al.,(27) have discussed at 


length television applications in chemical 
education. In another article, Barnard(29) 
reviews the hardware required in a good TV 
system. TV projection equipment capable of 
showing 14 ft images is found very useful in 
lecture demonstrations.(2) Instant TV replay 
is useful in lecture demonstrations of e.g, 
on of supersaturation.(30) Colour 
has been tried out in some centres 
Barnard (2, 27) has emphasized 
the need for properly designed classrooms and 
ble for TV instruction, 


laboratories suita 
oadcast lectures may not 


Although TV br 
as effective as regular classroom 


always be 

lectures, we should not undervalue broadcast 

lectures to students located at a distance 
The Open University ex- 


from the University. 

periment (26) has shown that TV broadcasts 
are fairly well received. In the past, air- 
borne TV has been used for instruction in the 
U.S.A., but has not obtained much support in 


recent years. 
By far the most effective use of television 


has been in laboratory instruction.(27, 32 to 
35) Taped programmes have replaced regular dis- 
cussion classes in some centres;(32) such pro- 
grammes attempt to answer the various questions 
students may wish to put. In addition to the 
first-year college chemistry laboratory in- 
struction, (28) courses on instrumentation (34) 

+ on television. Laboratory 

tion of instruments, 


have been taugh’ 
actual opera 
s, are ideally shown 
especially suitable for 


ng technique 
TV is 
spot situations. (34, 35) 
video-cassettes are 


the phenomen 
broadcast TV 
with success. 


he programme pack and forth for self- 
run ee eo-cassettes will probably be 
ture and laboratory demon- 


video-tapes for 


rial classes wW. e 
S paraphernalia. It is standard practice in 


many centres to prepare new programmes for 
laboratory sessions every year. However, care 
should be taken to ascertain that TV is in 
fact the pest medium for the particular topic 
or experiment. Otherwise, over-enthusiastic 
use of TV may itself make instruction routine 
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and unexciting to the student. While tele- 
vision may minimize schedule conflicts for 
students (33) and optimize the use of faculty 
time,(35) it could make education much too 
impersonal, unless teachers are on their guard, 
Smirnov and Drizhun (36) have discussed the 
basic criteria for the selection of education- 
al material and for setting up television 
transmission of chemistry lessons, 


OPEN UNIVERSITY 


The Open University in the United Kingdom is 
developing a unique system of teaching and 
learning at the university level, The univer- 
sity is designed to provide part-time oppor- 
tunities for a large body of adults who would 
otherwise be unable to enrol in conventional 
universities, The system includes specially 
written texts, television and radio programmes, 
experiments performed at home 

continuous assessme 
aided objective te 
dation course in S 
istry) television ammes form 


ion, (26, 3 
Based on the feedback from students, these v 


1 
rial’; poor Progra: 


ming overempha- 
Provides littie ce reward te 


chnique' and 


Serj "ee 
question Sets) ka a - 
all over the wor: a er 
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a very satisfactory method for teaching certain 
aspects of chemistry such as stoichiometry, " 
structure, thermodynamics and kinetics, and 
variety of programmes have been worked out. 
Programmed instruction in chemistry was the res 
subject of a symposium in 1963 and the apao 
related to the symposium have been publishe 

in the Journal of Chemical Education (Januar 
1963). Programmed lectures on high school an 
college chemistry, (38) programmed laborato- 
ries (39) and examinations (40) have been 41) 
described in the recent literature. Young ( 
has reviewed the literature on programmed ë 
learning up to 1966. Hogg and Moyes (42) ua 
reviewed the British experiments in programm 
learning, Several authors in other countries 
have also discussed programmed instruction» 

(43 to 47) A bibliography on programmed eee 
terials has been published recently, (48) an 
undoubtedly there are many unpublished Pro- ed 
grammes available around the world. Program 
instruction will undoubtedly be used by Ligier 
teachers and institutions in the years to H 
The Association for Programmed Learning 8n a 
Educational Technology in London publishes 1 
Journal, Programmed Learning and Fàucationâl 
Technology, The proceedings of the annual pa 
ference of the Association, Aspects of Educ™ 
tion Technolo include much information ee 
Programmed learning, Although a large prop is 
tion of material on Programmed instruction z 
available in the published literature, the? 

is bound to be a fair amount of unpublish® 
material in various schools and colleges 
Efforts should be made to see that such ma- 


ge 
terial becomes available to all chemical 6005, 
cators, Of the many media of educational 
nology, 


rog 
Programmed instruction, a techniq en- 
ty used by Socrates, is relatively inex 
nap and can be readily and effectively Y 
most institutions by most teachers. 


COMPUTERS AND COMPUTER-AIDED INSTRUCTION 


tiv 
a en of computers as an important, 9° see 
7 ment in the instructional process haS “| oys 
in pane for more than a decade. COMP due 
ave been used in recent years in primaty ca- 
cation, in y 


o 

"6 to accomplish a variety 
Purposes ranging fr omen 
within and wi & from limited assi 
f the teacher, There aor a 
indivi ment that computers fa? yy 
individualized in bility al 
i St i exi on 
instructional st Fuction and fl ti 


trac 


1 , 
926 and to Skinner's refinement (49) of pro- 


gra i 
mmed learning during the 1950s. Today, vari- 


O 
poaren are carrying out a large number of 
Puter h; of all dimensions and levels on com- 
which — instruction, The three factors 
Puter Petia contributed to the growth of com- 
Potential f instruction are (a) its tremendous 
its i for meeting most ecucational needs, 
fckesnt te nature, and (e) the 
and ‘auscan of the electronic data processing 
s EEE a systems. Teaching by computer 
Soton Sea’ nanas computer assisted in- 
(CMI) = (CAI), computer managed instruction 
Wier aeaa Taer based instruction (CBI), com- 
is the tne learning (CAL) and so on. CAI 
gives Pgs commonly used name and rightly 
aid both. idea that the computer is used to 
ional students and teachers in the educa- 
ion E E There is a two-way communica- 
main ob ween the man and the machine where the 
CAT is jective is human learning an 
tion shaa Synonymous with programmed instruc- 
S pro Some may consider, Today, the computer 
s počrammed to provide indi 
iffering student enqu 


o 
5 as ates all conceivable stu 
Storeg © compare with the correct answers 

5 unable the machine, Programmed instruction 

le to cope with teaching strategies 


Wh, 
B ce do not i tudent res- 
onses, call for specified stu 


G 
teal Omputers are most commonly used by chem- 


Me ee to simulate physical oF chem- 
r Se as problem-solving aids, to anā- 

dents perimental data or to Familiarize stu- 
neBitiz h programming, on-line computing and 
eve ation of data and the like. 
mene narge number of computer terminals 10- 
Cannata an classrooms, laboratories, library 
eah a and dormitories, Tabutt (50) has re- 
(sen ee applications in chemical edu- 
ae) fave a Feldhusen and S 

“iste ae development, 

S Struction. 

om barns teachers around the world pave 
iter ae undergraduate students to = 
(51) ugh to solve chemical problems» gaor 
w Great in numerical methods in chemis i 
Ches dena computer applications im oe 
ly mato istry and instrumentation, 52, z: 
kine ê? Sraphy (54) and other § 

ine Plicati aie (53) 
Ship, es, (55) ons in gas chro epee aa 
trons ds With and other areas hav n elec- 
Man, les, it the recent developmen ae 
Rog” Chemie is now viable to colle + oe 
the Q Ya al experiments in digi A 

y are Mis digital data very accu aters. 

to is © readily process® onp indents 

me fami therefore, importan iata 

İiliar with digitization of 


d retention. 
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during their undergraduate or post-graduate 
training. 
Interactive on-line computing provides 
the student with a capability which enables 
him to carry out sophisticated mathematical 
operations.(57) With a single keyboard-display 
console, students can handle problems involving 
mathematical models and simulate experiments, 
(57, 58) Simulation provides rich experience 
in the analysis and presentation of data and 
in making hypotheses. Students readily work 
out orbital contours, rotation spectra, theor- 
etical NMR spectra, probability diagrams, ete., 
using the computer. (57 to 59) Even without a 
detailed knowledge of the mathematics involved, 
'qualitative' computing involving graphical 
display of some aspects of chemistry such as 
orbital contours is still very useful. (60) 
Laboratory-equivalent computer experiments 
such as acid-base titrations or gas laws are 
performed in some centres. (58) Computer based 
simulation of laboratory problems in qualitat- 
ive chemical analysis has been reported. (61) 
Computer animation provides a new insight 
into the study of molecular vibrations, inter- 
molecular interactions and other complicated 
processes. (62) Computer animation of reaction 
pathways (like the film of Clementi on the 
NH3 + HC1—>NH4Cl reaction), provides an 
understanding of how reactions occur. 
Although computers have become the fashion 
of the day, much can be accomplished by using 
inexpensive programmable calculators. With 


these calculators, students can carry out 
titrations, rates) and solve 


ee of sophistication. 
s can be eas- 


may be t 
accessib 
Compute: assisted instruction (CAI) has 
in many centres with varying 

(18, 66 to 73) CAI allows 
degrees ERTE : oi Po under the 
It takes advantage of 
abilities of time- 
mputers operating in a conversational 
loys specially constructed lan- 
L, PICLS, Course Writer 
o develop programmes that 
logue with a student. 
of the dialogue is contained within 
trol words in the language. The termin- 

ls on which the students obtain CAI can be 
a d anywhere. CAI has been used to manip- 
= imental data, simulate experiments 
ide remedial or drill programmes 
jevels of undergraduate chemical 


retrieval cap 


+ a rich dia 


79 


New trends in chemistry teaching, 4 


er assisted instruction in the phys- 
uit eas laboratory has been found quite 
atisfactory and somewhat superior to conven- 
‘tional or programmed instruction.(71) Employ- 
= the PLATO system, chemical reaction stoi- 
echiometry has been taught to beginning chem- 
istry students.(67) Instrumental analysis and 
radiochemistry have been taught through CAI. 
(72, 73) CAI in organic chemistry has been 
quite successful;(68 to 70) organic. reactions, 
qualitative analysis and organic synthesis 
have been incorporated in such programmes. In 
CAI in organic chemistry, the decisions and 
the actions of the students controlled the 
progress and the students were directly in- 
volved participants, 
In spite of the variety of experiments in 
CAI, the revolution in the classroom predicted 
by its staunch proponents has yet to take 
place.(74) There is still considerable scepti- 
cism among teachers as to the future role of 
computers in education. Industrial firms with 
competence in CAI seem to be adopting a wait- 
and-see attitude before developing their pro- 
ducts any further.(74) While discussing com- 
puters in education, Young (75) has expressed 
the fear that computer aided instruction may 


become mere programmed instruction, unless 
considerable care is 


while employing CAI: 

for teacher-student i 
tunity for the Studen 
initiative and possib 
of the iniative; ( 


Light: 
different response gay 


s for the same input, 
OTHER POSSIBILITIES 
dia may m 


developed 4, Ow chemistr: i 
would also e a aioa i Aedo. 


in any school or university. This popi 
which exceeds the combined strength of ts 
students in schools and colleges, ee 
of people who have completed their ene ae 
schooling and are now employed as eee i 
teachers or as chemists in industry, 80V 
ment establishments, or elsewhere. These ce 
chemists must combat technical obsolescen 
throughout their professional careers T is 
means of continuing education., Their ne sys- 
great, but the conventional educational A 
tem does not serve this need adequately. 
large proportion of chemists does not 1 n 
in the vicinity of a university, and SN wea 
those who do, are not able to attend cou 
at fixed hours, A few universities offer 
evening classes convenient for ——ee 
education, but these serve only a small 
ber of chemists, tech- 
It is here that the new educational ause 
nologies offer tremendous potential, ora 
they eliminate these constraints of pa 
and distance, One major difficulty, NO jarly 
is the almost prohibitive cost, abo y 
when the student body consists of mAP og 
Scattered individuals, and when the eels 
needs of the student body are in rere 
esoteric topics which do not provide ë 
large population base essential for th o 
practical support of some of the agen 
educational technology, particularly 
interactive computer programmes. con” 
Correspondence courses can provier. con 
tact with another human mind. While +h gens?’ 
tact is not direct in the face-to-facr, 5 að- 
it can be quite real and productive. n 
vantages are that it is inexpensive, = 
it can readily be used for esoteric SU cat” 


in which only a small number of peor pener- 
tered far apart may be interested. t 
more, 


the correspondence course need Top 

the printed page as its only mediume arti?” 

priate combinations of other media, peer te® 

ularly audiotapes today and video-caS® p jar 
Soon, may be incorporated into a Corr? ours 
dence course, Thus the correspondence? s may 
in which many of the other technologie” com 
be incorporated, has the potential oF gvid 
ing a most powerful tool which the aad ip 
may use at his own pace and convention is 
Pursuing the continuing education WP p810” 


e 
vo essentia] to maintaining his prof 
ife, 


tri dé 
Education of the public. Most co powan 
in the world today are being oriented omm? 


: e com yo 
Science and technology. However, we moderne 
= 1S not fully aware of either th© of 
adv: 


‘peel 
ances in science and technology ° ma 
scientif 


ic analysis and solutions of 
pressing problems, 


t 
tna” ow? 
: It is important to 
chemical educators 


direct some effo” 


er 
oe the citizen about the role of chem- 
ai This is best 
mes ‘ion audiovisual media. Such program- 
that the provide the much needed publicity 
tract ad chemical profession requires to at- 
and fre ogg funds for chemical education 
anizations from governments and funding Org- 
is Pantie Chemical education for the citizen 
ries talg important in developing coun- 
to Social a chemists have much to contribute 
Kelle and economic change. (76) 
teaching Keller (77) propounded a new 
lectures method which abandons the traditional 
own at their allows students to study on their 
cation aa own pace. The Keller Plan in edu- 
technolo S been tried in various science and 
degrees gy courses and has met with varying 
technol og success, (78) Use of educational 
Breat fan, in the Keller Plan could be of 
amine nag and it would be desirable to °x- 
ow the Plan can be supplemented by the 


e 
of various media. 


resource centres where the audiovisual 
tional tech- 


Equi 
m 
Pment and other tools of educa 
to the stu- 


og ar ily avail jities 
© made readily i i 
1 aci 


in 
Sue 
tor h centres under the direction 


; iss centres are often located close 
aboratory or classrooms. There is no 


hat such centres fitted with various 
mendous boon 


f equipment would be a tre 
ast ang whusiastic student who wants to learn 
7 ake also to the student who is slow and 
t Rien ee attempts to learn 
ape re. Centre is equipped with cassette 
"Uns, moriehss slide projectors, super-8mm 
the, ® ca TV monitor, etc. 
p Dte hap pee fa ante lear 
Sit caching = some interest in usi 
Ua and testing in group 
radica] Te Design of buildings has undergone 
sitttes nee to accommodate the various a 
herd too, wired for audiovisual media an 
; Mitea of educational technology» The 
pLbstip 22, group teaching systems can even 
Da, SeS the teacher, In such Caen 
Reels buy facilities with student respons 
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e centres. 
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tal transmission to colour television have 
been conceived, and it is suggested that such 
networks can improve the quality of instruction 
and research. (81) It has been suggested that 
steps should be taken by educators and govern- 
ments to create such networks through which 
colleges and universities of all sizes can have 
quick access to information and can share their 
human, library and computer resources. It will 
be exciting to see how such networks will ef- 
fectively be employed in chemical education. 
Communication satellites. Communication 
satellites are one of the recent communication 
technologies capable of transmitting and dis- 
tributing electronic information (radio, tele- 
vision, digital computer data) for use in 
education. (82) The availability of satellites 
to deliver signals over wide areas at reason- 
able cost has made it interesting to use sat- 
ellite technologies in educational programmes. 
Countries like the U.S.A. and Canada have 
already advanced considerably in this regard. 
Countries like Brazil and India are consider- 
ing putting up satellites for communication 
purposes. The potential of these satellites 
in reaching students and teachers in the re- 
mote corners of a large country is tremendous. 
Shortage of good, qualified teachers, and of 
schools can be offset to some extent by the 
use of satellite systems. While we cannot 
foresee the satellite system replacing the 
proadeasts from good teachers could 
lement or support instruction 
d colleges run with minimum 


teacher, 
certainly supp 
in small schools an 


staff and equipment. 


THE ROLE OF THE TEACHER 
educational technol- 
nt to remember that the 
never be replaced. The role of 
continues to be supreme although 
ative emphasis in his activities and 
functions may changes There is no substitute 
ra good teacher as far as classroom lec- 
S e concerned. 
1 techno. 
rms 0 


With all the advances in 


it is importa! 


logy makes great demands 
f his ability to in- 
ho still has to 


It is 
ive programming, produce 


ate. 
ne imaginat 
audio 
regard it may be nec 
In oir Zot teachers to get adequate train- 
a jn the use of educational technology. 


ers producing films or TV software may 
jt necessary to have proper dialogue with 
rs or advisers in producing program- 


ing 
Teach 


mere tools of educational technology will 
and effective only as long as the 
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teachers do not make the students feel that 
education has become machine-dominated, Stu- 
dent reaction surveys and evaluation of stu- 
dent performance are, therefore, very import- 
ant in using media of educational technology 
for instruction, Students should continue to 
have the feeling that they can always call on 
the teacher and that machines are there only 
to assist them in their studies and supplement. 
the efforts of the teacher, Advances in edu- 
cational technology which increasingly dehuman- 
ize education will have very little relevance, 


PROBLEMS OF DEVELOPING COUNTRIES 


It is important that Special reference be 

made to the status of educational technology 
in developing countries, Most schools and col- 
leges of developing countries are Poorly equip- 
ped, both in terms of physical facilities and 
in terms of the quality of teachers, Education- 


SUMMARY 4 ND 


judicious use of 


ware of high quality. Teachers who make worth- 
while contributions in 


Should receive Proper r 
It is important to 


realize that the tools 
educational technolo, 


By should Supplement, 
strengthen, and enrich the conventional teach- 
ing or learning practices, but should not in 
any way limit communication between the stu- 
dents and the teacher, 

Among the various tools 


technology, projectors, 
audio-tapes can be readi 


st i i 
and worthwhile if epa On Will be be 
velop pro 


tive learning; however bs permit 


REC 


e 
al institutions in many countries do not cael 
facilities for television or for SUONI cords 
In these places, the use of overhead ge 
cassette tape recorders and Super-8mm oe ee 
are yet to be popularized, These are no pitie 
ive and are within the reach of most ins stie 
tions. It is important that educational p= T 
tutions in developing countries have ay 
least to these simple tools of meer 
technology in the coming decade. pn 
these gadgets should be produced in the oe 
oping countries and made available at geet 
In the absence of computers, programmed Siege 
lators should become available in the col oe 
if not in high schools, Some developing cO a 
tries could get access to large computer RI 
tems and data centres located in advanced ABI 
tries through satellite communication aem 
It is hoped that international programe” jae 
chemical education (76) will be directed 


this end in the near future, 
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ational technology. 
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deal] 
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istry a s of educational technology in chem- 
avad lapa Hii teren: languages) and provide all 

rdware Eka ron on software as well as 
Syahr nesco/IUPAC should organize periodic 
he een te this topic; it is suggested that 
0 ae symposium be held in the next 

2. 
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Partly pone films, slides, etc. This can 
e accomplished by sponsoring produc 
professional 


f 
Some of the material by 


REFER E 


' Modern teaching aids for college chemiarar 

-M 
moa teaching aids for college chemistry» 
Advisory Council on College Chemistry» 
Stanford university. 


Pal 
© Alto, California: noan 
O) . 


a 

3 Ze cpe Pernard; J. Je Lagowski; " 

. oleen. Ea., 1968, 15, 3. 

He W. n Hancock, Chem. Brit.» 1973, 2 men 
A R Barnard, J, Chem. Ed.» 968, Eg s w 
‘Dog, Barnard, J. Chem, Ed.» 968, 2, . 
+ Holford; R, F, Kempa. J. Ress . 


Te 
7. Hy paag, 1970, 7, 265» a 
19y binger; H, P. Schultz J, hem == 
8, W te 48, 618 
< J. pò Barnard. Je chem. Eå.» 
Og Burger, S sana, 1970 1 8, ay: 


579 Ridley. School Sci, BE 

H. S 

T haefer, chem, Unserer 22+ 
eachers J. 


la 
<BR 
19 H. ebb: Jian Scis T 
70 ult, Austra 


» 16, 35, 


The enhanced potentialities of new educational technology 


bodies, or by indivi 
id i 
Lanse ual scientists and insti- 
4, An internation: 

. r al centre on edi i 
technology specifically dealing oe 
ee a by Unesco for the ate 

fo) ormation, trainin, = 
g of teache: 
and other personnel as well as for Bese si 
and distribution of material, The centre should 
coordinate various national efforts to minimi 
excessive duplication. = 
5. Unesco should make availabl i 
e advisor, 
services of specialists to countries or oesie 
tutions interested in initiating or strengthen- 
ing their use of educational technology in 


chemical education. 


6. Special attention should be given to 


developing countries interested in educational 
technology. Unesco should initiate programmes 

to see that educational institutions in de- 
veloping countries soon have access to at 

least the simple tools of educational technol- | 
ogy such as Super-8mm projectors, overhead 
projectors, films, and programmable calculators. 
Support should be to produce such equip- 
ment in some of tl loping countries, so 

that they become able and at low 


cost. 


given 
he deve. 
readily avail 


Satellite communication will probably be used 
in the near future in some of the countries 
for educational purposes. Both national and 

jd be necessary to \ 


international efforts wou. 
see that chemical education of students and 


the public through this medium is effective. 
Unesco should ensure that the interests of 
education are adequately protected. 
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early teach simple chemical ponding at the 
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Some of es ionization theory? These are 

€ made q e countless decisions which need to 

i ae the development of chemistry 

the. This paper is concerned with exam- 

EXPlorin criteria which might be used and 

invo] = the type of personnel who might be 
ons in improving the quality of such de- 

Chemis and thus in improving the resultant 

TY curricula. 
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An $ 
init 
A $ 
a = problem in studying chemistry cur- 
z S arisen from the many aifferent con- 
Howevers 
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"> appear given to the terminology.» 
q aA cu S that there is a growing consensus 
se do, reulum theorists concerning the 
ele um ee of curriculum. Increasingly cur- 
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ae, ean of content and other experiences 
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by David Cohen 


The emphases in this paper are upon an 
analysis of the existing but very limited lit- 
erature concerning trends in the processes of 
curriculum development and evaluation in chem- 
istry, including a comparison of pre-university 
and university processes. The paper also des- 
eribes some of the emerging problems in re- 
lation to the development of chemistry curric- 
ula and suggests further action needed to im- 
prove these processes. 

Studies of the curriculum process address 
themselves to two major questions, namely: How 
are curricula developed? By whom are curricula 


developed? 


These two questions will recur in this pa- 


per as each curriculum element is considered. 


The interrelationship petween products and 
um development may be sum- 


processes of curricul 

marized in this way: ‘curriculum development 

is a process whose product is the curriculum 
d with how and by 


and the process is concerne; 
whom the curricula are developed. Curriculum 


process refers to the application of criteria 
for selection and ordering of curriculum items! 


(cfes Johnson, 1). 

Comparisons between products and proces- 
trated in Table 1. The nature of 

is not predetermined by the pro- 

' question, the pro- 


cesses bY which curricula are developed vary 
considerably. A key influence upon the pro- 
is the extent of centralization of 
curriculum decision-making. As a result of 
thompson (2) reported that it is 
1 authority responsible for the 
n of the secondary school - which 
in most cases is the Ministry of Education' 
which generally determines the content for 
chemistry in European academic secondary 
schools. s to find that centralized 
national o -wide curricula are accom- 
panied by evels of prescription, es- 
pecially when ricula are reinforced 


organizatio 


One tend: 
r state 


higher 1 
the cur: 
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Table 1. Comparison of chemistry education curriculum products 


and process considerations 


a re o a a a a a 


Curriculum 
component 


Related curriculum product 

considerations 

Objectives Sources of objectives (industry, pro- 
fessions, society) and their 
changing demands, 

Influences upon the objectives of 
chemistry education of: 
(a) changing nature and structure 
of chemistry; 
(b) changing nature of students; 
(c) changing technology. 

Trends in methods of expressing 
objectives, 


Learning 
experiences 
and their 
organization 


Content of chemistry courses, 
Trends in methods of teaching chemistry, 
Changes in learning materials, 
Influence of new technology upon 
the teaching of chemistry, 
Subdisciplines of chemistry, 
Sequencing of chemistry units, 
Interrelationships of chemistry units 
Nature of student activities in i 
learning chemistry, 


By whom are the learning nized? 
E iences devised and Org 
valuation of Trends in techni 
student 


progress 


ts 
By what methods are studen 
ie eee I A 


Curriculum 
centralization 
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Teacher 
Prescription 


Figure i, tonshi 
Relationship between curri 
riculum ce 
ntr 
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alizati 
ation and teacher autonomy 


Related curriculum 
processes 


How are chemistry teaching 
objectives determined? 

What criteria are used in 
determining objectives? j 

From what sources are object 
for chemistry curricula 
derived? 

Who should determine chemistry 
education objectives? 


ves 


How are chemistry teaching 
objectives translated into 
learning experiences? M 

How can appropriate studen ro- 
activities be devised to P 
mote chemistry education 
objectives? 

What criteria are used to e> 
develop or select and Org? ges? 


je 
chemistry learning exper per- 


ju- 
Who is responsible for i 
ating student progress? 


Curriculum 
decentralization 


by cen: 
the cm De (external) examining. On 
Yorced from d, decentralized curricula di- 
levels of t external controls provide higher 
Beer autonomy. (Figure 1) 
change is niles to demands for curriculum 
curriculum kewise related to the degree of 
tralizeg s centralization, Even in highly cen- 
fications ystems, minor and continuous modi- 
ly by dee generally be made quite inform- 
rooms, A ae teachers in their own class- 
hompson sulting in small gradual changes. 
types of Suggested that the more extensive 
an year PE change recur at seven to 
ie cae ia for the centralized Euro- 
Tessures f ry curricula, Student or staff 
wr oviding st more radical change (such as 
E the rhe oad self-teaching units or mo 
fen on Ea cg of new premises or facil- 
dase by et us supplies are factors re- 
Loulum oo teachers as stimuli for 
le . 

Mic ized circumstances, 
ni allow Pi csi provide essential components 
erous s chers to select from broad or 

uggested alternative options and/or 


eurric- 


to 
ada 
de hei 
tetrad ization options, Greater degrees of 
ion rest curriculum responsibil- 
h of their 


Upo; 
el ni 
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try curricula, 


jude th 
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the SClence ¢ the university chemis 
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Sty Yeho 
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ffos be an lay members of the community. 
inter’ v intuitive one-perso 
Sr g action 1€ outcome of a complex 
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Co 
mm: ea 
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pp. te ign 


Determining the objecti 
etives 
chemistry education a£ 


Objectives represent va. j 

ordered set of o iy omen oe a = 

diverse sets of objectives for ahevteen vn 

cation may exist side-by-side, with e oo 

claims of ‘correctness’ provided text tke 

are based upon equally well-considered GLa 

Such objectives may be developed 

ication of one or 

least three approaches: oa Dt aiarclone 

philosophical analysis; and/or human intuition 
The products of such approaches are the i 

objectives which are considered by Frazer* 

and these are summarized for seven European 

countries by Thompson. (3) The processes by 

ducation objectives have 


which chemistry è 
been determined may be studied through the 
questions how? (what criteria should be em- 


ployed?) and by whom? (or what personnel and 
procedures are and should be involved?). These 
questions will now be examined in turn. 


of values. 
through the appl 


criteria 


Richter (4) listed a number of 
inst which to validate the selec- 


tion of objectives. These were: 

1. Validity (in terms of societal, 
sional and industrial needs) 

2, Relevance (in terms of the changing char- 
acteristics of students) 

De Appropriateness (in terms of our increasing 
knowledge of psychological processes) 

4, Precision (in terms of the specificity with 


which they are expressed) 
(in terms of their cover- 


Goodlad and 
criteria aga 
profes- 


5. Comprehensiveness 

age of the intentions of the curriculum 
development agencies, 

f their internal 


6. consistency (in terms 0 
supportiveness and lack 0 
Feasibility (in terms of 
facilities, personnel an 
ntation 
ria wi 


f contradiction) 
availability of 
g costs for im- 


11 now be illustrated in se- 
with the validity criterion, 
tion deliberately 


These crite 
e 
ted the value of 


Science Founda 


assumed that the 
stry should mirror 
chemist, and 

(5) indicated 
ject, stating: 
experimental 


It was 


objectives 
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observations and then interprets them in 
terms of atoms and molecules and their be- 
havior. The CHEMStudy course is planned to 
allow even first-year students to netize the 
same approach and conceptual treatment. 

Nor was CHEMStudy unique in these emphases 
upon objectives, Eshiwari (6) found from his 
comparative analysis that there is ‘little 
difference’ between the objectives of CHEM- 
Study and Nuffield Chemistry. Goodlad (7) 
treated the objectives of both CHEMStudy and 
the Chemical Bond Approach (CBA) conjointly, 
stating: 'Objectives of the programs appear 
to rest on the assumption that any significant 
behavior which can be derived from analysis of 
an academic discipline can be learned by stu- 
dents of a given age and is, therefore, worth 
learning,' 

The validity of such an assumption, and 
therefore of the objectives themselves, bears 
critical examination. Should the school stu- 
dent's chemistry mirror that of the profes- 
Sional chemist at work in his discipline, 
example? Other questions are 
tion to the possible distor 
which the above philoso 
this respect, a study o 
tive of important and 


for 
raised in rela- 


tion of values 


calls fora consideration of sti 
day' 


i : 
denounced by Smith (9) as a Pline 
cious role Playing’, As 

t ta en 

to understand abstract chema aale 
a particular level of concept = thi 
_ The precision of an obje ‘velopment 
in order to remove ambigui ive i 
stated as 'the q 

is not specific 


cal skilis! 
teacher 
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develop appropriate laboratory activities, i 
whereas a quite precise objective might read: 
'to develop the ability to run 10 ml of 
liquid from a burette to within an accuracy 
of 1 per cent’, 

Relating mainly to the criterion of come 
prehensiveness, some of the criticism of cur 
rent chemistry curricula has been based upon 
an alleged neglect of objectives concerned ‘i 
with the personal, social, economic and more 
implications of chemistry, and with the impa 
of chemistry on society, For example, in @ p” 
sition paper prepared for the Curriculum Com 
mittee of the American Chemicąl Society, 5 
Cassidy (10) blames over-concern for conten is 
for the neglect of communication and of 'P 
sonal problems of the students in learning p 
the meaning of science and sensing its POW 
to strengthen their lives', 

A key problem arises in terms of the e 
consistency criterion between the objectiY 
of chemistry education. In fact, Klopfer 
nominated as the basic current dilemma as 
Science education generally - and certain 
the same applies in chemistry education 0y 
incompatibility between scientific literê rer 
Objectives as needed by all citizens and P 


d 
Professional science preparation as neers sions" 
for scientists and science-related profe 
The dilemma i 


eo? 
S not one unique to the eae 
F (12) attests to the same prob 
-n india. He predicts resolution of Boar 
dilemma by 1990 through the creation of dary 
distinct curricular streams at both sapor oY 
and tertiary levels, designated as ‘prosP 
ive scientist! and 'scientific literacy 
Streams, 


Davenport 


guemmn@ 
ihe One approach to solving Klopfer's d br 
nmsc” attempted by the High School SY 


t # 
committee of the American Chemical Soci® ree 
Curricu 


tu” 


d 

ng the topic areas and 

ee for chemistry education. (The = 
S includeq atomic theory, bonding» 1 


e. 
hin each area, three-1€V%- 
f 


ce 


Science 
for potentia 


rio”, 

for sre iation to the feasibility crita, of 

many ioe objectives, the develop” 

develo ae Skills found suitable 

dereior countries may prove unfeas? s e 

orato: Ping countries due to the lack erso” 
ries, facilities, equipment or P 


> 


Per 
Sonnel and procedures 


The qu 
are Co prap personnel and procedures 
chemistry tea ein involved in determining 
and crucial re ing objectives?' is a complex 
tre explicitly a It implies that objectives 
Practice is of developed and stated, which in 
educational often not the case, In centralized 
Stated, de Sot and where objectives are 
Seribeq T sions may be legislatively pre- 
of but Bae ey may be the outcome of the labours 
ducation acces (e.g. an inspector within an 
cases, the Spar imeni Oma professor). In other 
or othenris may involve a few people, or a team 
The EEE large group. 
Sonne) Fs nine about the nature of the per- 
Curriculum have been involved in any aspect of 
Sparse, Do decision-making is despairingly 
Participants de vintu of the roles played by 
pnts Beene is virtually non-existent. Argu- 
Pri TA valid have been proposed 
: mists of g teachers and other educators, 
gists, aa various sub-disciplines, psychol- 
E E aE philosophers, students 
ma ta Pata members. 
vel e Scomen preliminary survey 
Ür pment in ses of chemistry curr 
aes trend Several countries sugge 
an mistry S: university undergradua 
Parent Seen are developed without any 
the onlin de for the published processes 
istye’teome pr ag osatieen They are generally 
edu? ,2Cadems the labours of one to four chem- 
tl Hi or or es, occasionally assisted by an 
ough RE igen out and usually produced 
Rit meetings held after 4 p.m. Or 
than @¥ardably lunch-hour meetings. Deoltionn a 
Voting y reached through consensus Ta 
ten tcWla an Objectives for tertiary chem 
tms are generally stated only in broad 


in a and 
Subse, &rely are they prespecifie 
ulum development. 


Se 
Sthg, brent stages of curric 
Pyar, Peport, nary findings tend to confirm 
nt ang S in this area. For example, in 
Pepa, CaP Hoare's study (15) of Australian 
Coun ad tae ne chemistry cou hey 
a)" Or + t 'too frequently the aim 
mone cores (where these are set ou 
e atis commung oat in vague gene 
iPeotan čo cation through accu 
a of tions, roe galet ann P FA 
e emis 
TM © American neral M society curriculum 
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by Cohen (14) 
iculum de- 
st certain 


te level 


tat 


%b 
bp Ict 8 5 a 
ep aden ês j developed sets of per orma pay 
e elat $ > areas 
Met lenge cd to 12 broad topie OP eral 
teng heng courses. Hee undergraduate E 
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edge', and to a lesser extent, b; 

—— chemical industry, a ace 
proresetondi societies, and interests of stu- 
The Cohen survey also indic: 

secondary level, chemistry tenes By 
produced by large committees comprising ben 
high school chemistry teachers, especially j 
ministry-initiated curriculum groups, sometimes 
even including university chemistry academics 
Exceptions include publisher-sponsored develop 
in which two or three academics are 
involved in a text-book oriented task, 
They generally meet weekly for about three-hour 
time blocks, often starting after school. 

As with tertiary curricula, decisions are 
almost always reached by consensus, but unlike 
university curricula, objectives are generally 
specified before and during curriculum develop- 
ment. In many cases, the objectives are both 
stated explicitly in broad terms and also 


developed as specific objectives. The second- 
ectives are influenced 


ary school chemistry obj 
nts of university or 


heavily by the requireme 
and by external examin- 


accrediting agencies 
ation requirements (where these exist), and 
are tempered by known student interests. 

A major exception to the above procedures 
is illustrated by ' curriculum project' oper- 
ations in the U.S.A., in the post-Sputnik de- 


cade. In the CHEMStudy programme in the U.S.A., 
had been submitted in 


very broad objectives 
the original proposal to the National Science 
h the current 


Foundation (e.g. tto diminis! 
n scientists and teachers in 


separation betwee 5 
the understanding of science 17). These ob- 
ly developed by the 


jectives were presumab. 
Garrett the ACS. The First Plan- 


ning Conference for CHEMStudy comprised col- 
lege professors of chemistry of proven writing 
ability e+e No attempt was made to include 
professors of education or curriculum special- 
description of the 


for developing objectives in The 
put rather a concern for the 


Pp 
CHEMStudy story» 
f the textbooks and other materials 
da for the 


ments, 
usually 


Committee of 


content o 
peing prepared - although the agen 
first meeting f their Steering Committee 

e of the items which 


pjectives as on 
ost discussion’. (19) 
y of the corres- 


reeptive summar: 
sses of curriculum 
ed both the Chemical 


ment whi 

Tea roach (CBA) project and CHEMStudy, 
ns (2 documents the transition from edu- 
t cientists of curriculum development 
eatoré i rresponåin change in process 
per'so + topjectives b, ar sate a 
we e ducators» to the scien pro- 
an 3 4 

'Up- o-date and precise learning 
Taes eharte eens 

o 
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cess of 'chemistry as a discipline —» students 
as chemists' approach, This approach relied 
upon the intuition of the scientists to re- 
flect the discipline within the written ma- 
terials of the curriculum, The objectives were 
then written retrospectively, based upon the 
completed product, 'in terms of conceptual 
schemes and inquiry processes’, Content selec- 
tion by the scientists thus arose directly 
from the discipline, without consideration of 
social or individual needs, 
The relative neglect of systematic proces- 


ses for developing or studying chemistry edu- 
cation objectives in rece 


chemistry, 
items of ch 
usefulness 


Digests (25, 26 


mistry 
bjectives 
of an elec- 
Ng organic chem- 
order of import- 


the coop 
tronic approach _ dinatin 


istry and then 
ance, 


A study by Cohe 
n 
scientific attitudes (29) assumed that those 
clusion in 
i be agree dt were those 
Scientists, Fifty-ej Estas TOUP of eminent 
he Australian Academ nti -members of 
statements ( culled from 4,~ctence rated 230 
science and of Science ei © liter, 
categories accord. me 
tlalness' as 
attitude, On 26 


> inventiva 
followed p Se 


94 


cern 
amples of an apparent lack of current aae 
about the processes of developing objec 
for chemistry curricula. 


Selection and organization of 
1 


earning experiences 


The term ‘learning experiences’ is used To 
curriculum theorists to include all the con- 
periences of the learner, including i 
tent to be Studied, the student Bot ay 
and the materials used for learning. ( ously 
writers use the term ‘syllabus’ synonymow’ y- 
with "Learning experiences'.) Laboratory 
periments, research projects, field yore 
demonstrations, audio-tutorials, and § yearn 
ation activities are a few examples of 
ing experiences, jence® 
The organization of learning exper an 
includes consideration of the division’ es 
theatrelationships between the experien?” vg 
e 


Sequencing, the rates of eens 
the learning materials through which € 
iences are presented, ed i” 

The two key questions to be examin 
this Section are; a in 

~ What criteria are or should be vena str 

Selection and organization of chem 

learning experiences; rrent 

~ What trends are evident in the CWT” ptio? 
approac 


z 
hes to selection and orgak 
of chemistry learning experiences: 
o 
n 
cabana for selection and organizati© 
"hemistry learning experiences 
9p 
curl ae 
Analyses of the contents of chemistry a ge 
Ta Suggest that, provided an outline pet 
ral chemistry topics is sufficiently s 
& in specified sub-divist® ned 
Consensus can be oD 
these contents, nee 
gs more specific level, evide th 
the leve;o**Pemely wide diversity m a 
ete Of Sophistication and we tn one 
fact, as a result ° pects 
Notebooks and laboratory | dent 
t-year university chemistry al on 
ian universities, P 5 ng 
ound that 'there was 
anne, Witch was covered at all | at, 
the topta Considerable diversity smp? 


us 
Hoare ) 


pi 
Studieg illation 1? ‘pem 
betwe e A vacil tc e 
in basic Scr iptive and 'principle® amet 
Ibáñez (3p) Ees was referred to 5 op? 


t 
Symposi at the previous Interne i ap? 
these i On Chemical Education. P p A 
Of the dings are not unexpected, $ up 
influence of subjective fact 


conte: 3 
her selection procedures. Hammond (33) 
es the situation in this way: ‘One man's 


funda š 
mental principles turn out to be intellec- 


tu 

a to another, and vice versa’. 
the Pe er aE isolated attempts to place 
bases he e of content on more scientific 
attempted 7 For example, Margenau (34) 
criteria o develop helpful and interrelated 
ternal co These included conciseness and in- 
and Se tomcat universal applicability, 
related elationship within a logically- 

Ra network of concepts. 
may NE 5) reminds us that these criteria 
cording t iffering levels of importance ac- 
Secondar. o whether students are at primary, 

The a tertiary levels of education. 
Simpler a MStudy writing team used 4 rather 
USing th pproach to select their content, 

+ Is Pd following criteria: 
coü e idea so important 
Bta n complete without it? 
levei e idea be developed honestly ata 
dent „Sonpnehenktpre to high school stu- 
Se Can oe 

Pati a be developed out 

oo ee school stu 
4. Doe at least, understand? 

Na it tie into other parts of the course 

its use will be reinforced by practice? 


that no first 


of experimental 
dents can gather, 


By 

Une 

of pe _ (37) has espoused the use of age 
r content Set- 


O 
ction sedge as the criteri 
ormatq 2 the grounds that tit simplifies in- 
noreaseo generates new proportions, m 

OWledge! S manipulability of a body © 

S . 
ical uch an approach was followed by the Chem- 
= +, and the ma- 


J St Approach (CBA) ProJec 
Leong a embodied in that project are 
"gure ‘a in the paradigm reproduced as 
retin fact, CHEMStudy and CBA utilized inte- 
three themes, CHEMStudy COR ontains 
: de etos - the chemist'S framework of 
asn Sipe and limitations of 
Sle pproach and the need for 
tific models such as the kinetic theory 


ang 
€ periodic table', the near ; 
la or: ’ 


e ato 
mic 
e model through the 
poPlication of the principles develope’ 
ri 39) tnay of descriptive chem eof € 
e ec s the 
al BA course ha tructures - 


S 
of ea being developed through, 715) 
t ae in chemical rea ( 
E pa mtario, Canada, a new gra fat 1967 
to parse was introduced in eptember sect 
"Athen ate an understanding of the sv 
zeg than to provide material to be a 
ae ou It was accompanie a detailec 
utline prepared by 75 teachers: 
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BONDS AND 


STRUCTURE 
conceptual 
ion MOLECULES 
AND 
CRYSTALS 
Juss vone $ 
N operational Fa H 
COMPONENT DENSITY H 
ANALYSIS MEASUREMENTS i 
XZ PAASI aem 
E „o; ENERGY 
CHANGES -onang O OF 
H FMOLEI 
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Chemical Bond Approach Project 


Figure 2: 
content paradigm 
versity and Department of Education support, 
in a two-day workshop, and included references 
to CHEMStudy material and an understanding of 
its philosophy of the interrelationship of 
experiment and theory and stress upon under- 
was to become 


lying principles. This course 
an introductory course to another introduc- 


tory course, since @ modified form of CHEM- 
Study was introduced in grade 13 one year la- 
ter. (Leonhardt 41) 
Whereas ten of the above eleven criteria 
of Margenau, Hurd and Bruner reflect concern 

try as a discipline, only one of 

to the learners. In 


it has be 
of concep 
pe used as 4 


tual develop! 
screening devic 
certain concepts in chemistry. (Shayer 42) 
In fact, pased upon an analysis of the con- 
ceptual stages, modifications of sequencing 
and integrating themes are suggested for the 
Nuffield Q-level chemistry course .(Ingle and 
Shayer 
The development of chemistry curricula 
containing learning experiences which show 
for relevance to the learners 


reater concern 
is discussed more fully belowe 
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On the question of sequencing, various 
arguments are proposed concerning why one 
topic should be a pre-requisite for another, 
Traditions have often developed into dogmas. 
There is probably no valid evidence to contra- 
dict the assertion that the most appropriate 
learning sequence is that which relates to 
the spontaneously-emerging interests of the 
students - an approach increasingly recognized 
by the modular or unit approach to developing 

curriculum materials and audiotutorials, 

A related issue is whether topics should 
be studied once only, in depth, or whether 
the 'spiral' approach to curriculum organiz- 
ation is more effective, In their study of 
Australian first-year university courses, 
Bryant and Hoare (44) found that the approach 
which predominated was a broad initial super- 


ficial coverage, followed by a greater-depth 
repetition later. 


More than a decade has now Passed since 


dy and CBA Project 


on chemistr 


y curriculum 
ing. 


ion, and the development 
tives, 


erally a 
the naty 


es on a b 
re ang s 
iences, organiz 


road i 
ation of 1 Fronit din 


earning exper- 


Trends in the processes of selection and 
organization of learning experiences 


Course planners have responded to staff a 
student pressures by seeking alternative ate 
of learning experiences and by using ais 
ive methods of organization. One of the ‘eu! is 
rent status symbols of chemistry education in 
"relevance', as reflected in the Educate 
Chemistry '72 Mt. Holyoke Conference of t 
American Chemical Society. Several of the 
processes undergoing trials may be seen oo 
helping to promote relevance. The major i 
tifiable trends include: 


` th 
1. Interrelating chemistry experiences Wi 


other areas (e.g, Physics, biology, or opice 
logy) and in some cases creating new try 
or new 'subjects' such as in biochemia ry 
(e.g. synthesis of life) or grener en- 
(as interest in space exploration an 
vironmental conservation expands) 3 e- 

2. Elimination of outdated or isolated 5 
cific factual material and replacemen s167 
updated chemistry concepts of broader 
nificance; 

F Restructuring of chemistry courses on 
better reflect the activities of con 
Porary research chemists; hem- 

4. Extension of traditional range of ¢ in 
istry topics to relate more to life f 
the 1970s, through diversification ae 
learning experiences; inclusion of chem- 

ills; and reemphasis of © 


peer- 


istry as a human endeavour; with 
5. Diversification of teaching methods: ine 
decreasing emphasis upon lectures er 
creased use of small-group learning of 
individualization of tutorials, an > 
These trong. oriented activities. just? 


ted l now be successively 


examples, 
Int 


s ra“ 

t Srrelationships with other areas. Intan- 
tas seaca has been described as ‘non-4 le 
grated Science’, In attempting to grePy g- 

: p ally e 

erate citizenry 048S, ee A 


Y kn riers? 
disciplines, Thus ee 


by Selecteq 


as the 'ch (cTA) 
Program’ letny Teaching Associate r 


s 
ected by Gardner. (47) Ee git 
tote Nnovative approach to eae of 

ulum improve iyers- a 
ita a ment at the Un 


ate 2 
ch has helped to re-integr? gre 


chem 
tie ep teachers (up to ten) to the univer- 
members mp an academic year as temporary 
and concurr he university's chemistry staff 
in the pu ently, to work with permanent staff 
CTAS Wee tect of post-graduate studies. The 
Ticulum, i ene revise the undergraduate cur- 
and Erle Scat formerly separate units 
Materials ping new laboratory programmes and 
Ween Mei ie communication be- 
a A N students has been improved 
i ve been ob y, sharply increased enrolments 
Stry served in the undergraduate chem- 
eo (48) 
at participants have cooper 
own as t chemists in developing wha 
c he Interdisciplinary Approaches to 


ans 
St 
have iee (IAC). It was expected that IAC would 
973- used by nearly 1,000 teachers in 

jes of flex- 


Pg ier course comprises a Ser 
neg e sel sciplinary modular options which 
mers and Terea and sequenced according tO the 
d; x ionge n C CnN of teachers and students. 
che 7 buen i module ('The Delicate Balance’ 
Csanogra the areas of geology: meteorology, 
With Pe Feed chemistry, physics and biology. 
ith p Ei towards integration of chemistry 
re, versity T or other andas ab fimsteyeer 
Pout’ i Tae age U.S.A., has been ài- 
NS ( hy. nly towards non-science majors. Te 
+ asin Science for Non-Science Stu- 
ative.” ian focuses upon the study of solid 
i echni origins, properties and investis- 
Paha Ideas incorporated into Pi 
Pow ~consist beauty of the orderliness 2m 
= th ency of the Universe’, and 
k e technique of making models» 
Ea mental' > (49) 
leg *tment American three- 
Seme id Ra Harvey Mudd College, 
has er inte Graduate School, ne- 
been ron rated physics-chem 

Physic owed for five years by a 
Phy., The E chemistry) second semes e 7 
Poiny teist first semester is team taught by 
hg a nt and chemist providing both view- 
nsd aae such as quantum mechanics 
ynamics. (50) 


ated with 
t% is 


ude 


Q 
er 


th, t 

hot e curricu g 

th acey ent «*° oL 

tse te ly advances in 

e 

ca teldg' 

3p notre (og (5) As an attempte pa of 

op iona Ontent Improvement) prog! aa hu 

cience Foundation 
ma ae of teams in ' 

Son nstructional materials 

: E me] scientific now) an 

YV~sa, Che 2) - a quite specif? e 

Schoor 1oy curriculum content at 5° 

vel, 
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As described above, integrating concepts 
were adopted for both CHEMStudy and the CBA 
Project. Perhaps a problem with these arose 
from ps sophistication of the integrating 
concepts. 

Adverse criticism of Nuffield Chemistry 
Project omissions has been levelled by Fowles. 
(53) His description of the omission of the 
study of ‘the equivalent’ as potentially damag- 
ing to the needs of industry was only one of 
his criticisms in an outspoken attack upon 
Nuffield Project chemistry materials. Largely 
in response to Fowles' criticism, Halliwell 
(54a) replied that the Nuffield Chemistry Pro- 
ject development team sought to develop '‘flex- 
ibility of treatment within a framework of 
objectives’. 

The reduction of teaching of factual mater- 
jal in Nuffield Chemistry has also had other 
adverse reactions. For example, Bradley (54b) 
has been strongly eritical of the Nuffield O- 
level chemistry course, including the following 
specific criticism about the course content: 
‘what the student needs is more experience of 
fact than he was given in 1920; with the Nuf- 
field scheme he will get less...» The omissions 
of both fact and theory by the Nuffield authors 
are very pold. They are such as to leave a dam- 
aged and patchy scheme which could not lead to 
sound chemical knowledge + 

Some pruning has also 


university level although 
ppears n 


been advocated at. 
the concept of in- 
ot to have been 

A reduction in the number 

s and increased emphases upon histor- 
ilosophical and sociological aspects 


of freshman chemistry courses are proposed by 


an. (55, 
en Ci for both eliminating unrelated 
topics is based upon 
jal and resequencing Ï 
eo ic approach developed by del Rio et 


lytic apP 
an analy* she Universidad Autonoma de Guada- 


ical, ph 


a. (56) BY x n table js produced from the 

Jali i 4 veloped through a breakdown of the 

n+ ic items. By 4 process of 
requisites for 


into speci 
topics t immediate pre: 


he 

Linen are reduced to @ small number, and 
eac. rk of alternative sequences is synthe- 
a netw ch item is assigned & teaching time, 
sized. ‘total time is reviewed and revised 
and on he total time available. Alternative 
agains arallel the alternative sequencing of 
courses P ms include time economies and im- 

anding of the logical 


S. C 
ee udent underst: 


roved st 
gequencinE 
in chemi str. curricula. Traditionally, 

R (4 al organization of undergraduate 
{ne concept 1 op MAS peon built around what 
chemist”: ey has descr ped as à confusing ritual 
Hammond, 7 organics Í organic, physical 

f term 
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and analytical. Hammond proposed the consid- 
eration of alternative subdivisions (such as 
structure, dynamics and synthesis) which would 
both remain consistent with the activities of 
chemical scientists and still present chemistry 
as being 'coherent and logical in its overall 
orientation’, 

A similar type of restructuring followed 
an external evaluation committee's report of 
doctoral programme students at the University 
of Minnesota. As a result, there is a trend in 
Ohemistry theses away from the traditional di- 
visions of analytical, inorganic, organic and 
physical chemistry, towards integrating up to 
three areas such as biological chemistry, chem- 
ical dynamics, chemical instrumentation and 


analysis. A corresponding change has occurred 


in the nature of the doctoral courses offered, 
(58) 


Extension of traditional range of topics, 
(a) Diversification. By contrast to the elim- 


ination or consolidation of chemistry learn- 
ing experiences, there are 


ake and polymers, 
relevance have some ota empts to increase 


3 cted thri 
Jeobion of logar examples of aenea grein 


try and government Mics, in 
2 Wi » indus- 
National Science F th fund ng 
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(b) Career-relevant skills. Glanville 
has highlighted the need for courses to dev 
op career-relevant skills. Graduates from uld 
advanced degree programmes in chemistry ee 
be better equipped if they undertook co 
such as patent law and chemical ethics, P e 
ciples of chemical engineering, chemical 3 
omics, sales and marketing in the a ns. 
industry, and management and human relat rake 

In many Australian universities, que” 
Strands are developed according to the ie 
intentions of students, and the students MY 
be guided into medical, dental, or engine? 
chemistry (cf., Bryant and Hoare). A one- 

(c) Chemistry as a human endeavour. chem- 
year course built around carbon compound was 
istry for high-school non-science majors al 
developed by Novick as part of his Licup 
dissertation in Philadelphia, Its aims We o 
"to help students understand the relation gs 
chemistry to some of today's social ge 
and to promote student interest in the a 
of chemistry ...' The approach ' emphasize 
the impact of chemistry on society inste 
of the structure of chemistry .'(65) 

A university-level interdisciplinary orn 
course with objectives showing vital pei 
for the learners is the PSNS. This ape 
arose from a 1963 conference jointly = chem 
Sored by the Advisory Council on Colleg 408. 
istry and the Commission on College PHYS 


tu- 
By 1969-70, the number of colleges an A 
dents using PSNS rose to peaks of 150 
12,750 


respectively, The objectives s 
oriented towards convincing students maik 
Science was fun, making them more confit el- 
and less anxious) about science, and nce ga 
oping an understanding of physical aein 6 
a human ang research-oriented pursuit. acti” 
An emphasis upon "chemistry as a puman 
‘ty! has also been the basis of inject ours? 
relevance into a first-year chemistry c sout” 
for non-scientists at the University ° 
Florida, (67) nod" 
a) Diversification of teaching oa 
The relative inefficiency of the lectUls jve 
oe for many Students and most re a y 
ng increas zed. in aS 
universities, ied hens peet a a7 
a pacquarie University in Sydney» is 
i rmal lectures in chemistry. DeP ec 
S Placed upon study guides which di"? ed 
Students to detailed readings in selel 


acti ce books, and also provide ass? pot” 
et vities, These methods are used j stl sp 
internal and external (corresponden®® „jor 
dents, Extensive tutor—student interac ae 
Ee groups is promoted in special an i oy 
close eon Paces, Additionally, t° d veo 
ins ee ration between chemis iat 


: f in spe 
jects. (68) the development of 


Comprisi 
tion unite and a series of programmed instruc- 
thes, ‘the Rss concurrent laboratory activi- 
Packaged ¢ eller Plan represents a self-pacing 
tors with urriculum approach, monitored by tu- 
Siemet at groups of students. Having 
Technolo at the Massachusetts Institute of 
for om Physics Department, it is now used 
versities ng chemistry at many American uni- 
consin, (69) nE the University of Wis- 
k Re 
ity aren the increasing need for facil- 
Volume of ling the exponentially mushrooming 
18th cent chemical literature (in the late 
Witten ae the two-volume Elementa Chemica 
e eet a chemist Boerhaave and 
l the an a total of 1433 pages, included 
Chenteni abstracts prov in the world; now 
One milli stracts provides abstracts of about 
Year), a on new publications in chemistry each 
Chemica] mori based upon a review of the 
ee oe has been developed for 
tft a ge students. (70) 
Peas is Ehe I at individualization in chem- 
et th fout honours year at Southern Univer- 
à Udents emer At their first meeting 
nails of pply background information and 
gellar e a and receive details of 
Udents 5 ures covering chemical principles. 
en must orm individual assignments and 
en Riek oe mastery tests.(71) 
diy ated take increased emphasis upon inquiry- 
Ca dualized ratory is often coupled with in- 
two E ioe Gee tasks. For example, at 
dey ear int on University in Pittsburgh, 4 
Com, oPed knee laboratory programme was 
ee on TA guidelines of the ACS 
blend ndergraduate Training. The pro- 
H ed the traditional subdisciplines, 
ees nad techniques and therefore Pro- 
St's p ual performance, and simulated 
Panpa? ree lente Sa activities. (72) 
in Meipate to University in New York, students 
Week aboraton a weekly research seminar and 
oe Abie programme. of the 48- 
Bee, programme, 17 are spent in 
ede competency activ 
a rs i activities. 
hein ected and sequence 
anim 8, man Selves from a wide range o 
nta tal y located at pre-established ex- 
t S abtonn, and some in which stu- 
Song lustrat staff research projects: (79) 
: vera E another teaching methods 
Sseq) ter ties in the U.S.A. 47° using 
meni Provide short-term chemistry 
oa ie les; At Austin colleen, 
sa 80]; OPBani may undertake one of 
tye es ing = c instrumentation cou 
Oe ee ae problems ik 
f p ctures introduce SWU te 


bee 
trometer, followed 


D 
intireg 
dep eSt: 
se may oo 
» Udent b 
Dtio S 


New to the design and ev: 0! S 
approaches ti the design and evaluation of chemistry course: 


cation period to gain experi 
x ience, an 
og ea analyses of testo” ips, ae 
a ae al unknowns. The other course is 
Laney = students to techniques and instru 
es es chemistry via laboratory 7 
ays gations. Typically, students (in grou; 
wo or three), begin with a three-day li F 
rary preparation, and spend 40 to 50 ee - 
week for a month in completing three Hse = 
(with about half-time spent in the Et oo 


(74) 

As the core of the doctora i 
chemistry, the 1972 Report of fee tae Com 
on Professional Training recommends there = 
should be a ‘preparation of the student to 
duct scientific research in the field of ae 
istry', in particular through the thesis as i 
significant contribution of the student. Re- 
newed emphases upon the importance of the use 
of increasingly sophisticated equipment, evalu- 
ation of the development of imagination, self- 
reliance and adaptability, are other recommen- 


ded trends. 

Echoing a conce 
dents at masters an 
(75) argued that advance 


built around staff interests in order to de- 
iencies. Otherwise, 


velop laboratory profic 
students become deprived of techniques less 
frequently encountered at undergraduate levels. 
At the secondary-school level, through the 
anuals, tea- 


development of texts, laboratory m 
films, both CBA and CHEMStudy 
'from the des- 


itation approach 
xperimental 


rn about courses for stu- 
d doctoral levels, Newman 
d courses should be 


-regurg: 


-memorization 
quiry-é: 


tion oriented-in 


ok somewhat optim- 
istically at the q diversity of in- 
in the selection and organization of 

yearning experiences. More effective 
ne nature of these inno- 


about +! 
derived partly from 


a confidence 
Juations of them, 


ale adoption of 
s to ef- 


curriculum evaluation in chemistr, education 
n is concerned with gath- 


evaluatio 
gior and interpret- 


nalysing and reporting, 
decisions about the 


riculum (that js, about the 
riences and their 
ures used 


criptive 
to the ques 
approach’ . (76) 


In summary, one can lo 


extent an 
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and content of the various forms of chemistry 
assessment. A thorough review of these forms 

is the subject of another paper in this sym- 

posium * (see Ashford), 

The processes used in evaluation are re- 
ferred to as the reflective, formative, and 
summative stages, respectively used before 
and during development, and after implemen- 
tation of the curriculum, (77) 


Reflective evaluation 


This occurs at t 
of curriculum de 
Screening of the 
the use of mental 
Suitability, 

embodying the 
teria and use 


he preliminary planning stages 
velopment and comprises a 


reflection) to evaluate their 
rocess, 
of eri- 
and including 


isparagingly 
soft data' 


itizens? 


vana of scientists, aq hoe 
Olving shar va 

e existing practices, ona na cillations 
Y Small grou of k quently reached 
rr greater influen policy-makers, have had 

© need continue ceS than rational discourse 
disciplin s anties to exist for regular int 
with teachers gcurse, {volving chenigts -” 
sociolo 3 other educ tors, phil 
commun uon es sts, ‘tudents aa pieta 

; Scour an 
effective reflecty. ee a p requisite to 
9 curricula 
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Formative evaluation 


This takes place during the foetal 
stages of a curriculum (that is while 11 ex- 
components, units or materials are sti rse 
planatory and fluid) and may lead w A 
improvement through progressive modifica of 
of any curriculum component. The pronnan an 
formative evaluation may occur as part a 
organized pilot trial, or by quite n 
observation, Feedback may be derived sg 
teachers, students or other observers; ta 
from written or other visual or oral T 

The materials associated with the C exten- 
Project and CHEMStudy were subjected to ing 
Sive and costly trials and revisions RiR 
their developmental stages, and the deta upon 
of these procedures and their Di 
Subsequent revisions are documented in at 
Project Newsletters, However, such ava etal- 
have rarely, if ever, been matched by Esn 
ized institutional curriculum developmen ® 
where fait accompli committee efforts z sim- 
frequently regarded as being implement" is- 
ultaneously on System-wide bases by E 
trative edict, and without adequate pi uch 
Studies of effectiveness, The cost of S of 
Procedures - op lack of them - in ak aC 
lost generations of confused students at 
ther assessable nor measurable. A hint a 
enormity of the problem is suggested poh after 
in Scotland, Although conducted 10 ren etry 
the implementation of the Scottish che et at’ 
curricula, Survey studies by Johnstons. rais? 
(78) of graduating high-school students ons 
crucial formative-evaluation type guor und?" as 
Concerning Previously unanticipated got Jer 
tected high levels of difficulty and ics. on? 
of interest for Several chemistry tOP ove A 
wonders how many comparable but unde ting 
Situations exist world-wide, with re® cen 
lifelong deficiencies in levels of st 


jons 


an 
qnderstanding concerning key concepts i 
Opies, m true në 
The same Situation is undoubted s mig 
university l 


t 
evel - although the effo griotl? 
as less serious since © jauat 


z rmative evaluation data 
vided by a Significant variation of 
Student end-o 
troduced at t 
This involveq 


ove 
more frequent and impr? 4 
of communicati 


a 
s 
on between instructor e 


yster” ne 
dents, throu s adminis w 
te gh questionnaire throug ult 

irst week and mid-term, and p 
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one remains a crucial though neglected 
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83) developed a coding system 
for teacher intent, actual classroom, communi- 
cation, and participant roles, As a result, 
he identified common patterns reflecting a 
"deductive teacher-oriented approach to teach- 
ing content’. 

Other studies relating specifically to 
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Johnson. Hardy (84) found that regardless of 
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many advances made in instruments and method- 
ology, and cited examples of representative 
studies, especially for the American ceurricul- 
um projects. Few of those reported, however, 
related to chemistry education, An exception 
described by Welch was a study involving a 
chemistry cognitive preference test developed 
by Marks.(89) This test tapped student prefer- 
ence for reasoning based upon memory, practical 
application, critical questioning or fundamen- 
tal principles, Marks found that CBA students 
Scored higher on the latter two Scales, and 


traditional students scored higher on the mem- 
ory scale, 


istry students who had res- 
pectively studied CBA 


at high school 
performance, 
and self- 


» the Watson- 


Preference fo 
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concerning the effects of various types of 
curriculum development processes upon the 
nature of the resultant curriculum products 
could be most helpful in a number of ways. A 
new range of variables and a corresponding 
new field of terminology may need to be de- 
veloped to support such studies. 

In the absence of existing data about the 
processes of curriculum development, Weiss and 
Edwards (100) have suggested the construction 
of a new data bank, using the following steps: 

1. Determine the decision-making components 
in curriculum development. 


2. Determine the important dimensions on 


which decisions are made, through expert 
opinion, literature analyses, category 


and project reports. 
proposals to chemistry cur- 


ricula, one might ask what processes, for 
in streamlining the work of 


ved in curriculum development 
facilitating the work of teachers and 


or in 
professors who have the task of implementation? 
Those responsible for developing chemistry cur- 
ricula could help substantially by keeping de- 
tailed, accurate records of their decision- 
making processes: 
- Who was involved? 
- What influences were exerted by whom, and 
upon what issues? 
if any) were used in reach- 


what criteria ( 

jng decisions, and for which curriculum 
components? 

Some other types of research question include: 
Does the pre-specification of objectives 
make the proc evelopment and/or 
organization g experiences and/ 
or of evaluation P e efficient 
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l level, it is even truer con- 
Het eee curricula, and unfortunately 
pena major understatement of the situation 
ie ee level chemistry curricula. Let 
us hope that we are about to witness a decade 


1. 


104 


ation 
of change in our understanding and e 
of curriculum development processes eR cetol? 
ing in intensity the efforts of Amer A 
ary school curriculum development pro 
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Matthews (47, 48) recognizes the great 
interest generated recently by the introduction 
of objective examinations in Europe and recom- 
mends the new techniques. However, he adds the 
following warnings: (a) There is a need to in- 
crease and coordinate training in the new 
techniques; (b) We must face the fact that in 
modern examining, with limited resources, the 
quality of examinations will be inversely pro- 
portional to their quantity; (c) We seem to 
have forgotten that examinations can be used 
to evaluate curricula as well as candidates; 
(d) There is a danger in thinking that our 
examinations, after the present reform, will 


assess all the important qualities of candi- 
dates, 


Recently the question of accountability 
in education has been prominen 


t. Gomel (30) 
discusses the various functions of examinations 


be used in account- 


s » a comprehensive trea- 
evaluation, edited by R. L. ; 
(75) Testing and Evaluation for ‘ie eet 
by W. D. Hedges; (36) and an article by C. H 
Nelson in the Handbook on Formative and Sum. 
mative Evaluation of Student Learning, (50) i 


ARE WE TESTING THE S 


IGNIFICANT 
OF CHEMICAL EDUCATION ? ii 
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is still continuing, It would seem that by now 
all the virtues and vices of each form rar 
been stated repeatedly and exhaustively the 
nothing new can be added. Nevertheless, kam 
controversy is still alive although the S$ r 
has shifted from the United States to othe 
parts of the world. (27, 32, 53) has 
Tn the United States the controversy bê 
subsided, The merits of each form have ba 
recognized and one finds both forms used § the 
by side. The essay is typically used w ` 
rather intimate conditions of a small eotive 
where the time for preparation of an onir 
test is limited and the reading of the ae 
test is not too demanding on the teacher ssign- 
time. There is a kind of naturalness in ar 
ing an essay question, and the teacher & jca- 
the feeling that there is a direct coin aet 
tion between him and the student. In SEP 
the message from the student to the teac pear 
the form of marks in an objective test aP 
too impersonal. It is only fair, eo aaageer" 
pate that the values of the objective toss 
have been demonstrated and recognized oe 7 
a result these tests are widely ame tin 
jective tests are used far more age er 
essay tests. This is especially true W as t 
large numbers of students are involved, all 
comprehensive or final examinations. zA the 
State-wide or national testing one finds gions 
almost exclusive use of objective exam 5, 6) 
usually of the multiple choice variety. tries 
Tn Britain and the Commonwealth COUR pe- 
the introduction of the objective test sd tro” 
latively new and one finds considerable eo! i 
vere (27, 32, 53, 73) One may expect ê 
versy to arise in other countries, 25 
face the problem of replacing some oF 
the essay examinations with objective 5 
ations, (41) a1? 


an 
a review article Thompson (73) A 


n 
xami e 
the use of multiple-choice and essay objecti" 
ctions in Australia, It appears that OPi ery. 


c 
examinations are used widely in that 


The essay examination 
ase 
es 
Of the many advantages and disadvantae yin 
cribed to essay examinations, the fo 
appear to be the most important. (53) 


6 
in 
Advantages avd 


ue 
1. The essay question is direct. The 3 ll 
appear natural and a continuation 


teaching Situation, 
2. The st 


direct 


sve 6 
B+, t0 
udent has the opportunity t° nå 


ion 
answer to a direct questio 
express it in his own words. 
3. Student application is tested in 


wW 
that the student responds to a n?! 
ation, 


e 
z ser? 
oe tu 


4, 
The teacher has the feeling that there is 
a direct communication between him and 
5 the student. 
. pte answer is wrong, the teacher may 
etect the source of the difficulty and 


correct his subsequent teaching. 


P ai 
# eena questions are often vague and ambigu- 
Se 
2. f 
An essay examination is at best an i 
on sample of an entire course, since 
nly a few questions can be asked in a 
5 ag session. 
¥ oe depth and scope are not evident in 
Saenger upon inspection of the examin- 
yg Typically the method of scoring 
re the level expected are not indicated. 
r example, the same question may be 


nade- 


the 


a 
Pa of a beginning chemistry student at 
ondary level or in a Ph.D., examination. 
ion of 


ne is no indication in the quest 

es scl at which the response is exp 

4, The ow it will be graded. 
oN of essay quest 
hits y unreliable and depen: 
ge oer se training, background, stan- 
iting the time at his disposal, his philo- 
of , temperament, and even mood at time 

reading. 


ected, 


ions is notori- 
ds on the reader; 


The 
m 
ultiple choice examination 


Taki 
n, 
& the multiple choice examination as the 


best 
t rk examination the following appear 
(53) marize the advantages and disadvantages: 


"Avantages 
M i 
a itiple choice examinations qu+ 
on ai range of subject matter. 
3. Vea, widely sample the field. 
in h care, all ‘higher’ mental processes 
4 the cognitive domain can pe tested. 
a for large 
5 
6 


ckly test 


a examinations can be use 
Sses, 
ha can be scored reliably. 
Piao scope and level 
s ns is explicitly evident. 
; The, can be pre-tested. nati 
i a oan statistical treas, 
v analysis as to content, reliability» 
alidity, and their usefulness in a given 
mation, 
aa can be used for compar 
Seh ses of study, curricula, 
ool systems. 


of the examin- 


sseS, 
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Disadvantages 
“4 They are impersonal. 
. It is difficult to as 
ses 
pte Bey ess application of 
3. There is no evidence as to how a wrong 
i — was deduced by the student 
. gical development of an argum t 
be tested. po m 
5. They test only retention of subject matter 
and may fail to test the 'higher' mental 
processes. 
6. They test recognition rather than recall 
The student may respond passively. 


Other forms of assessment 


and pencil tests have 


The limitations of paper 
(78) discusses the 


been recognized. Walkley 
drawbacks of poth essay-type and objective- 
type examinations based on a survey of the at- 
titudes of physical chemistry professors to 
examination marks. Alternate methods of assess- 
ment are priefly discussed. He proposes that 

in addition to validity and reliability, a 


third variable, ‘efficiency’ be recognized. 
es the criteria for ( 


Chmielewski (15) discuss 
the evaluation of education attainment in chem- 
istry. Kalra (43) proposes 4 new evaluation 
approach in chemistry for non-science majors. 
The procedure would recognize the different 
degrees of packground and science proficiency. 
Eiss and Harbeck (22) treat at length the field 
of behavioural objectives in the affective do- 


main. 
Among alternate methods 


the following: 

1. Practical examinations involving the 

laboratory.» «on in the laboratory has 
idered as an essential 


been univers 


of assessment are 


ally cons 
istry teaching. 
f the student takes place as a con- 


ation © 
et assessment through observation by the 
The type of evaluation varies from 
e to course and from level to level, In 
se evaluation centres on gen- 
haviour such as neatness, ability to set 
as well as understand- 
f the experiment, the course 
e interpretation of the 
evaluation is 


the evaluator 


or failure t 
mounts, Or in traces, 
f interfering substances; in quanti- 
look for the accuracy 


analysis, 

to detect, 
in usual a 
presence © 


tative analysis he may r 
of the determination; in organic preparations 
he may 100k for yield and purity of the pre- 
pared substance 
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Practical examinations for continuous as- 
sessment are widely used in the secondary 
schools of Europe,(71, 72) in the Soviet 
Union,(34) Poland, Spain, India and the United 
States, and probably in all parts of the world, 

Many attempts, especially in elementary 
courses, have been made to include assessment 
of laboratory skills in the final examination, 

In his study for the Council of Europe,(71, 72) 
Thompson reports that a practical part is in- 
cluded in the final in four out of 15 countries, 
Gardner and Hearle (28) prepared an examination 
for laboratory skills for a pilot study in 1972- 
73. The author has not found a widely used in- 
strument assessing laboratory performance as 
a part of a comprehensive examination, 

2. Oral examinations, The oral examination 


has long been accepted as a normal element in 
Student assessment 


Purpose, level, effe 
as well as the Philo 
the examiners, Yet o: 


Paper, is used 
1 courses, 


ontent of the examination 


More important t 


is to be used om i a an oe Tor 
e consideration of 


M 
inspection ilone, ri of information 


only be evaluated by : 


no 


the quality of the questions, the depth at of 
which the questions are asked, the Prenna e' 
sampling of the field, and the overall pan 
or 'level' demanded, However, unless one eae 
how the examination is to be scored, one © or 
know what constitutes a satisfactory a 
a passing score, nor have any confidence t e 
the significant outcomes of instruction =~ ee 
been met by a Student passing the examina 
All these matters are either in the mind © 
the examiner or are decided during or after 
Scoring upon inspection of the scores. b- 
In contrast, before it is given, the ais 
jective examination lends itself to gee 
with respect to the content, breadth of cO 
age and depth of understanding, as well as 
method of scoring, All these elements aP nel? 
dent on the examination gopr: MEROVEN: a 
analysis can lead to further development a 
theory, practice and technique, so that Ë 
examination can assess all the significan to 
outcomes of instruction, and each of them 
an appropriate degree, di- 
With respect to content, at least esth 
mensions have been recognized. (4) The z content. 
and most obvious, is the subject matter uires 
The very nature of the objective test we sub” 
the examiner first to state explicitly exam- 
ject matter of the course or field to be se 
ined, He must make an outline of the cour j 
and list the important terms, principles: ned 
cepts, theories and so on which are con ample* 
in it and which he presumably wants to ref 
This has led to the development of a on o 
analysis of courses of study and a list ectiver” 
what have been called subject matter ani gerot 
A detailed and carefully constructed PE tens 
Study makes it possible to construct teSate ne 
and to assemble a test which is an aget atte” 
sora AMPL ing of the course, The sabie wae 
ained ; is the most obvious dimensio t 
at very early. awed. the 
it has also been recognize 
er dimensions in addition pa 


evi- 


tire 5” 

It is clear that the en ques”, 

T matter of a field can be sampled by for"? 
ons of ermin r factua 

tion alone ology alone, o 


vocabulary þh 


om 

understood, applied and distinguished rdF? on 
observable facts, and so on. In other er 
it has become clear that dimensions ot the 
Subject matter are an integral part ° ad? 
course and are also to be measured. monly j 

p pie of the first pee aa A 

S between memory and reasoni si ue 

e n 

dichotomy has been expanded naturally "ue? 
Continuum 


of levels of attainment. One 
=fvels of attainment 
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presumably of higher development: knowledge, 
comprehension, application, analysis, synthe- 
sis, and evaluation, However, the Examinations 


version was developed by Ashford and is being 
used by the Examinations Committee of the ACS. 


(1, 4) To facilitate the analysis and to in- 
Sure fair sampling of all the subject matter Committee of the ACS finds the ‘levels of at- 
and all the levels of attainment a grid was tainment' of the grid in Table 1 more immedi- 
developed, which appears on Table 1. ately meaningful to the chemistry teachers. 

More recently it has become customary to A few examples of items may be given, iden- 
Speak of objectives, Thus one speaks of sub- tified with respect to level and area. 
Ject matter objectives and of behaviour object- 

Level I, Area 5 


ives, The most widely known classification for 
the behaviour objectives is the Bloom taxonomy Knowledge of important facts 
23) The Question: Which will produce a combustible 


y dely used throughout the world. (11, 
E a classifies questions into six hier- gas on reaction with cold water? 
rchical levels of increasing complexity and 


Area 1 aeni Oxidation- | A Chemistry of the 


Area = 
hange Solutions, 
a a ionization reduction, structure | common elements 
laws of chemical acids, bases, heats of and chem- | and their com- 
combination, kin- salts, neu- |reaction ical be- pounds, Physical 
ti olecular tralization, velocity, | haviour and chemical 

Cheon as laws hydrolysis, chemical periodic properties of 
aoa theory, j activity equilib- system E gge e ais 
chemical symbol- | series, rium les Seed 
ism, formulas, electro- Sentai 
equations, cal- chemistry typical metals 
culations 


L Ability to recall important information 
Knowledge of important facts 
Knowledge of definition of important 
terms 
Acquaintance with important concepts 


Verbal understanding of theories and 


principles 
General knowledge of the physical and iF 


chemical properties of the more im- 
Pena r compounds - z ii 


Ea elements and thei 
* Ability to apply principles in making 
F Simple predictions 
unctional understanding © 
and theories of chemistry ên 
A interrelationships 
qbPlication of a definition 
PPlication of principles in situ- 
ations similar to those encounter 
A in a typical course 
PPlication of princip 
ations taken from every’ 
nterpretation of a set © 
drawing conclusions from them 
* Ability to apply principles quantitat- 
ively by carrying out calculations 
Quantitative meaning of chemical sy™- 


bolism | ee] 


lancing chemical equations 
ais to use the scientific oa 
tpeludes the following aspects 
e method: ena 
Distinction between observed pects 
E: and their theoretical explanat 
eieining phenomena in t 
ving the experimental © 
i theory 
er- 
Factors to be controlled in an exp! 
S iment 
tatements which are true merely 
definition 


f principles 
d their 


les in new situ- 


day life 
f data and 


Ty 
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1. Hydrogen chloride 
2. Sodium oxide 

3. Ethane 

4, Calcium 

5. Calcium carbonate 


Level I, Area 4 
Verbal understanding of principles and 


theories 


Question: Which equals the number of electrons 


1. 
2. 
3e 


4, 
5e 


found in the orbits of a neutral atom? 
The number of neutrons 

The atomic weight 

The number of protons subtracted from the 
atomic weight 

The number of electrons in the nucleus 
The atomic number 


Level II, Area 3 
lication of principles 


App p p in situations simi- 
ee countered in a typical course 


lar to those encountered i 
Question: The followi 


n a typical course 


ng system is in equilib- 
rium at a high temperature 

3H + No 2—> 2M3 + heat 

(All substances are gases.) What will be 
the result if the pressure on the System 
is increased? 


The amount of H2 and N2 will 


The amount of NH3 will increa, 
The amount of 
increase 


The reaction will go to completi 
ees on to the 


No change will take Place 


Level II, Area 3 


Application of principles in new sit 
taken from everyday life ae 


Small particles burn more 
large particles “anpishily than 
The heat of reaction of s 
ma, 
is greater i Particles 


Level III, Area 1 
Calculation invo. 


vin; 
weights molecular and atomig 
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z of 
Question: Which expression gives the mass 


1. 


con- 
a litre of chlorine, Clp, at mae 
ditions? The atomic mass of chlorin 
35.5. 


35.5 3. 35.5 x 22.4 
22.4 4, 71 x 22.4 
T.e 5. 71 x 22.4 

i 760 x 273 


Level IV, Area 2 


Thi 


A 
e relation between theory and experimen 


at relation between theory and experiment 
experimental evidence for a theory and the 
e 


£ 
xplanation of phenomena in terms of theo 


<Splanation of phenomena in terms of theory 


xper= 
Question 1: Which statement is the best exP 


Question 2: Now, which statement above iS 
ths 
Be 
T $ 
4, 
5. 


Level Iy 
Determinin, 


is 
imental evidence that sodium chloride 
a strong electrolyte? ter 
Sodium chloride is very soluble a ne 
Sodium chloride solution is a 600 
ductor of electricity pelow 
A sodium chloride solution freezes 
Orc, 

n 
Sodium chloride is formed by electro 
transfer 

ee 
Sodium chloride molecule contains fr 
electrons 


the 


dium 
best theoretical explanation that 50 


chloride is a strong electrolyte? 
Statement 1 


Statement 2 
tatement 3 
Statement 4 
Statement 5 


» Area 3 bpe- 
whether a statement is true 


n 
ry, or true simply by de nå” 


tE - 
oiling point of water 4” ` par 


u 
ard pressure is 100°C, How would y° 


ev 

acterize this 2 wat 

statement? re a 

1. It is based on observation using r = 
an accurate barometer and an accur 

, mometer, 


Iti nition o 
hi S a consequence of the defi 


ae 
3. i resolute temperature scale enti"? 
* st de true by definition of the C s- 
4 €mberature scale rd pre 
e It is true by definition of stand@ 4e 
Sure pinet 
Bs TE deg logical consequence of the 
molecular theory 
Level IV, Area 2 al 


penises which should be controlled in © 


Question: It is desired to study the effect 
of temperature on the rate at which sodium 
chloride dissolves in water. A series of 
determinations are performed, The proce- 
dure is to add an excess of salt to a lim- 
ited amount of water and after stirring 
for some time to evaporate a small sample 
and weigh the residue. Which should be 
1 kept constant during any one determination? 
+ The extent to which sodium chloride dis- 
2 Solves 
3. id solubility of sodium chloride in water 
4 a. temperature of the water 
+ The average size of the crystals of sodium 
chloride 


5. The amount of solid left undissolved 


Aa 
ditional items may be found in reference 4 
y more 


tentitied as to level and area, and man 
asin Bs found in any ACS test, (1) although 
are not identified as such. 
ed grid is extremely useful fi 
the it on of the test. A scatter diagram o! 
and a ems, identified with respect to leve : 
ati rea, helps determine that a test contains 
ast one sample of all levels and all areas. 
Using the Bloom taxonomy, Hudson (38) des- 
jve test by draw- 


in the con- 


Crib 

ng se how to devise an object i 
iti P a detailed specification of the abil- 
S that are to be 


te S and areas of knowledge 
thon and by using pre-tested objective ques- 
to aa With these tests it should be possible 
Pate ure a student's attainment more acen- 
(19) y and more reliably. Similarly: Demchic 
&iv np" epared a sample test in chemistry» 
abil se, emPles of all six levels of c 
empto Of the Bloom taxonomy 
to ; Pted to relate teacher-as& 


®Xonomy type objectives. 


igned 


CONT 
COP TNUOUS ASSESSMENT V. ONE-TIME 


Mp 
REHENSIVE EXAMINATIONS 


o 
fer ather distinct systems 
Ontan Tee of the world. 
by ¿p UOus assessment of stud short 
ssa teacher using oral Te peers 
Peniggtestions, short objective We naviour 
e S Quizzes and observations of be 
ney a laboratory, In continuous a oe 
pce So include the various forme g 
Yt e aStruetion, although the tests 
Student f urposes 
e t for study P 
asr eniStructor for evaluation Piris 
xtp, 
tation eTe 18 a opetin Coy, Wrong 
ao wegen by an outeldé a ni Lanati 
ate responsibility 0 € 
the latter category 
instit 


examinations to + if 
arning, and the certify 


op teg & 2 
à n 
Avaneszänce 
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aminations given in connexion with selection 
for scholarship awards or for employment., All 
variations between these two extremes are prac- 
tised in the various parts of the world. 


Continuous assessment 


In the United States (49, 83) evaluation is 
largely under the undisputed control of the 
teacher during the term, usually a semester or 
in which the student is in his class. 
assessment begins by assigning a 
using a chapter or series of 

xt. The assignment may include 
in the library as well as pro- 
jects. Then follows a period of class meetings 
during which the teacher presents the material 
by expanding, explaining, summarizing and some- 
times demonstrating various aspects of the sub- 
ject matter. Typically questions are asked du- 
ring class recitation and the teacher makes a 
mental (sometimes written) note of the respon- 
ses of the student and these become a part of 
the assessment of the student. At the end of 
the period, which may last several days or 
weeks, 4 prief test called a quiz is given. 
Longer quizzes are given periodically and a 
final examination is given at the end. The 
results of all the testing, variously weighted 
according to the philosophy of the teacher or 
the school, form the total evaluation of the 
student. It is expressed on 4 five-point scale 
usually as 4 letter grade with the following 
meaning: A - excellent; B - good; C - average; 
p - fair or poor, but passing; F - failing. 

Grades are often quantified with the fol- 
lowing numerical point equivalencies: A - 4; 
2y pis ag = 0. 

The final test is typically 4 comprehensive 
ination prepared by the individual teacher 
s the majority of cases. However, also 
are standardized tests prepared by 
ch as the Examinations 
the Educational Testing 
esting agencies, state or 

ittees or even committees that 
qe oehool-Wide In nearly all cases, 
teacher uses 4 test of his own 
however i tay weight the results of the test- 
choice any way he deems appropriate, Only in 
is the final examination weighted 
than 50 per cent of the total assess- 
he entire course. 
it is recognized that the level of 
or achievement represented by a 
e varies from teacher to teacher 
001 to school, grades are never- 
aa for evaluating the quality 
used for enitrance to col- 
pecific programmes 


a year, 
In general, 
broad topic, 
chapters in a te: 
additional work 


sS 


B-30- 


exam. 


(helers They 
of BAN amination $° © 
yeges 
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in a given institution, They are also used to 
determine whether the student will graduate 
or not. Discussion of continuous assessment 
has recently received considerable attention 
in the United Kingdom and other Commonwealth 
countries. Yeoman (82) reports that in the 
Certificate of Secondary Education (CSE) in 
the United Kingdom, continuous assessment as 
reported by course work and teacher assessment 
constitute typically 15 to 30 per cent of the 
final assessment. 
The following arguments have been advanced 
in favour of continuous assessment.(8, 10, 81) 
1. It permits the teacher to interact continu- 
ously with the student 
2. It promotes learning so that continuous 
corrections can take place 
5 TE is psychologically sound, in that 
learning takes place gradually, and after 
repeated exposure 
4, It gives the teacher a greater opportunity 
to form opinions about personal character- 
istics, such as reliability, promptness, 
motivation, willingness to work hard, ete 
5. os ee the teacher a continuous feed- i 
ack so that he can alt 
teaching lter and improve his 
In continuous assessment 
the training of class oe Problem is 


room teachers in th 
and science of examination construction — 


The comprehensive examination 


The arguments for the comprehensive one-time 


include the following : 


1. It measures the final outcome of 
tion, It is of no significance 
the student knew or did not 
ular item at some time aniy ae — 

2. All students are measured agai: me 
other at one time "At eaa 

3. It permits the ad 
blocks of Subject 

4, It permits the tes 


instruc- 
whether 


equate sam 


Plin, 
matter SRE large 


ting of in 
between various parts of a thera lätions 
than 'bits and pieces! saen 


5. It is usual]. 


ricula, courses 
school Systems 
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INTERNAL V. EXTERNAL CONTROL 


Practices in various parts of the world 


The question whether the examinations oy 
be controlled internally or externally is 
of the thorniest and most complex proben. 
The actual practices vary considerably a on 
country to country and depend a great dea. its 
the history of the educational system, aL con- 
philosophy, type of government and socia ai 
ditions, as well as on the purposes for W 
the examination is given, imost 
In the United States the control is Alm jy 
universally internal, The examination is npea- 
always under the control of the olaEsror is 
cher. Even when a standardized examination, n 
used, the choice as to whether an —, 
is to be given and the decision as to oe 
value will be placed on the results are 
prerogatives of the classroom teacher. ractie 
In the European secondary schools P an 
vary. External control is prominent in ds; 
and Wales, in France and in the Netherla otiso 
on the other hand internal control is Pi ger1an® 
in the Federal Republic of Germany, SW 
and Belgium, (71) Commo?” 
In the United Kingdom, as in many nal 200 
wealth countries, notably India, exter n 
trol has been the tradition, However, ing th? 
countries there is a trend towards 61V 
teacher the whole or at least a part © ada» 
authority, For example, in Ontario, a 
the control is now wholly internal. re 
in Spain internal control is coming viona r 
more into use since the recent Educat x- 
giving autonomy to the universities. (7) a im 
ternal control seems also to be sane ( 
the Soviet Union, (29) Japan, (35) Peyi Ban 
and Kuwait, In Poland control is almo 
Clusively internal. compre 


Would be desirable to make 4 the 


es 
d 


t 
aona ady of the practices throughou 
3 es 
offien a 
with Pe International Baccalaureate “" patet 


fadquarters in Geneva, provi sation) ef’ 
tals for common programmes in intern sg n 
or multinational schools in about 15 n Tig’ 
These materials include an examination aani 
18 used for awarding a diploma and 

Sion to universities in several COW” pra 
examination consists of a written, ©, am 
a Practica) part. The written is comm owe 
a sense represents external control’ ped Pa 
the practical and the oral are condue’ sf we 
chool with an overall evaluatiO” ne Y 


in that school (moderation) 
ng examiners, (70) 


the s 
level 


internal control 
The ý 
a a arguments have been advanced in 
L Tt internal control: 
a nig the responsibility of assessment 
Seale oon, or persons who have immediate 
2 Krogi with and knowledge of the students 
Bett ng the student, the teacher is in a 
3. It er position to interpret his responses 
sel de laa the assessment not only of the 
emis x objective and crystallized out- 
E 0 instruction but also the 'intan- 
E including personality char- 
rons stice, motivation, outlook, depth of 
zeti standing, ability to plan & course of 
paa on, and the like, The intangible out- 
es may be more important than the tan- 
Bible 
pa Permits experimentation © 
at A ea school or schoo 
to Fed of failure or a recor 
t e student or to the school 
Tha a mits freedom to change, and avoids 
anger of regimentation from a central 


Sou: 
6 ree or of resistance to innovation 
ocess to local 


oen saves the educational pr’ 

of rol with the concomitant possibility 

aa ee the curriculum more meaningful 
ieee to students in the local situ- 


n the part of 
1 system with- 
d damaging 


Ex 
“ternal control 


The 
favoyp towing arguments have been a 
Unite external control oa 

antens standards can be applied to 

a, The re population 
tema can be wr 
Mer its and hence possess© 

3. The ality and validity a 
for amination can be a rful ši i 
tio updating the entire process ° p 
whera especially in 4 developing aye i 
metho teaching personnel, courses cP g š 
Sateen textual materials and physic 

Pment need upgrading 


Wh 
Oo 
Sh 
& 
<tatunation repare the comprehensive 


nation? 


advanced in 


by competent 


itten 
s higher re- 


powe 


s 
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Stannar aS the problem of who controls aie 
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2. The examinations are prepared by a pro- 
fessional examiner or a group of examiners 
Typically, teachers of the subject are eed 
as consultants with considerable variation 
in the amount of input by these consultants 

The first method is used within a given school i 
or a relatively small school system, It is also 
widely used in graduate schools for admission 
of graduate students, preliminary examinations 
for advanced degrees or for the granting of 


advanced degrees. 


The second method is almost universally 


used in the United States by such testing agen- 
cies as the Educational Testing Service and the 
Graduate Record Examination, as well as by the 
various professional associations such as the 
American Medical Association or the American 
Dental Association. It is likewise used by 
governmental agencies, national and state, for 
hiring personnel and for certifying profes- 
sionals and by many similar agencies, through- 
out the world. 

Among the large testing organizations, the 
Examinations Committee of the American Chemical 
Society is rather an exception.(5) The examin- 
ation in each field of chemistry is prepared 
by teachers in that field. It is a fundamental 
principle of this Committee that only outstand- 
ing teachers in the field can write a valid, 
properly balanced examination testing the sig- 


nificant outcomes of instruction. The main Com- 
o the subcommittee in the 


ith respect to 


field 
question writing and s 


USES OF THE TESTS 
iderable amount of recent literature is 
he various uses of tests. The fol- 


presentative. 


Uses_i2 the classroom 
cummings (17) presents 


s a rather exhaustive list of 
which tests serve as learning 
means of involving students. 
oxey, Brown and Fiel (51) use the tests 
si diagnostic evaluation of individualized 
instruction. De Rose (21) uses the tests for 
learning in 

Se 

(37) find that certain 
quantitatively to separ- 
to assimilate chemical 
bility to apply that 
knowledge A Mafamiliar situations and thus 

‘plotting paper’ from ‘thinkers’, 


s 
aistingu (n6) jn a study of test difficulty 


na doctoral thesis, 


s can 
dents' ability 
om their 4 
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and student achievement, found support for the 
classroom educators' contention that unit ex- 
amination difficulty is related to student 
effort and achievement. Theoretically, it would 
seem that unit examinations need to be diffi- 
cult enough to motivate students to study and 
obtain a suitable level of test reliability 
and yet not so difficult as to result in inade- 
quate reinforcement to maintain Study efforts, 
Just what level of unit test difficult is con- 
Sonant with these goals was not revealed by 
Marso's data, but they do suggest that unit 
test difficulty level influences student achie- 
vement as well as test reliability. 
gested that the relationship between 
ficulty and study efforts and achieve 
further investigated, If this relationship does 
exist at all grade levels and for various test- 
ing approaches, it may have a profound effect 
upon student motivation over a Period of years, 


In an innovative project Lunde and 
(45) had the student. 


It was sug- 
test dif- 
ment be 


test is f 
2. It is real to the students and it atone 
ages them to learn the material by dis- 


cussing it with each other 
3. From the Presence or absence o; 
the teacher can evaluate how w 
Covered the material 
4, Wrong answers will reveal 
mis 
before the end of the unit understandings 
5. The student becomes more 
pers i 
volved in the course cently dri- 


f questions 
ell he has 


in numerous 


other use 
Andersen E 


(2) uses 
le atti- 


So that the s 
mastery 


uses essay-type 


> De R 
tests at t ose (21 
for self-paced Study, he end i gnm : 
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Comprehensive tests have been widely ee i 
assessing the background of students for tü- 
lege entrance, (74) for the placement of eli 
dents at the proper level in college, en nave 
as for granting college credit. The tes equen 
been used to predict performance in ane’ 
courses, The following are typical see nematic? 
Denny (16) used a test entitled Mat matic 
Skill Test (MAST) to determine the meet 
Preparation of students entering a high and 
chemistry course, The test was prepared 5i 
validated by the author. He found the by 
reliable and valid and suitable for svidual 
chemistry personnel to determine ee 
Student preparedness, prior to the stu 
encountering chemistry difficulties. gigh 
Sieveking and Larson (65) use the (acs- 
School Chemistry Examination Form 1963 Math- 
NSTA), the Scholastic Aptitude Test aes 
matics (SAT-Math), the high school & the 
Point average and a factor assigned = arts 
School of registration (engineering eA a col” 
and science) to predict performance gerive 
lege freshman chemistry course. They fine pr? 
the following regression equation for 
diction: 39 ( 


Predicted grade standard score e)+ -12 
total) + .30 (high school averae ratio” 
(SAT-Math) + .11 (school of eee e gistr? 

Haffner (33) used the High School Chew stu- 

Examination Form 1963 for placement ° ry 

dents in the proper section of a © e 

course in the United States Air Fore con 

and for awarding validation credit. 
cluded that the Predicted Chemistry my» 

(PCG), as used at the Air Force Agane Ya 

* valid and useful tool for placing n ver ag 

into freshman chemistry courses pores 40° 

in degree of difficulty and acceler? predig 

PCG has provea to be the best single © ast 

of a cadet's Performance in General impor” 

The Acs Cooperative Exam score is T ACP yn 

component of the PCG, and in addition git 

cpores are used to award validation a’ 

Chemistry, ced 

A procedure whereby students p12 ower 

accelerated’ course ran transfer to AR theke, 

level Course without losing step Wi* ut fg 
contemporaries is not only desirabl? 

Sential, since Placement in advance” çur? 

£rated courses is not 100 per cent ce r! 
Fackler (24) discusses the adva iates Spet 

vent programme used in the United © ave no 

ing college credit to students who P3, plé 

advance Placement in the high oe cite i 

ment is validated by means of a mu 5 

Choice Advanceq Placement test. He "ours? 

aS follows: 'tp Advanced Placement © ce 

chemistry become recognized as soum 


Grad? 


Bk 

me aua and not courses designed to 
Srames iin igh-powered college courses, pro- 
ened acco a chemistry could be strength- 
can be = ore Advanced Placement credit 

Behosae’ Sh ed for similar college material at 
School! where such material is part of the 
vanced EE in chemistry. However, Ad- 
their Aa acement teachers must not assume that 
Sally s recite Placement course will univer- 
course ubstitute for a freshman chemistry 
the a e patie for a science major. Te 
otiraa oc Placement student is properly 
reer xy and is interested in pursuing 2 tê- 
encour science or engineering, he should be 
chenietey to enroll in a good science major 
Should = freshman course if one exists. He 
Sophom e discouraged from see 

he saat (second-year) courses 

Mee year of sophistication and 
Stanti g, his chances for success are sub- 
student, 2 higher than those of the average 
fidently As a sophomore he will compete cont 

e Bane with fellow students who have had 
Justme: e freshman course... A period of ad- 
testan T the college approach appears ne- 
Just ie As one respondent stated, Might be 

Th matter of maturity’. 
Rit dy ene recently been a W a. 
creait. the United States for granting : i 

Schoo] for exceptional perform ce in N aas 
Pendent or even for knowledge acquire a 
by mercy of any school. Tne credit is given. 

ege a of a set of examinations Cee 

ured evel Examination Program (CLEP) » in) 
There y the Educational Tes poe 
cation ve two sets of tests: A Mo 
ects Page and a set for spec 

cluding chemistry. 

L mtton. nge the ACS t 

Sh thers use their own 

don ugain and Child (62) 2 

Phy se the A-level examinations ~ epf 
i ihe eae mathematics tO predict % 

n inor irst-year university-leve, che 
in Phy ganic, organic and physical © oulated 
Pro woe es and in mathematics, 2 nts 
rs, moment correlation coef ficients. 
Ping, chat the tie-up between A-levels 
Sübjest 7 resulis te significan 
3 the os a similar nature. 

t redictive value oP 2 

ee finding that the A-level 
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ee s the 
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(64) use a test in 'spatial cognition’ as a 
success prognosticator in college science cour- 


ses. 


Group comparison 


A number of studies have used standardized, 
comprehensive examinations for group compar- 
isons. The following are typical. Troxel (76) 
used the General Chemistry Test Form 1963 (ACS) 
the Test on Understanding Science, Form W (14) , 
and the Watson-Glaser Critical Thinking Ap- 
praisal, Form Ym (Harcourt, Brace and World, 
Chicago, 1964) to study the relative effective- 
ness of CBA, (12) CHEMStudy, (13) and modern 
chemistry. They found that the modern chemis- 
try, CHEMStudy and CBA courses are not meeting 
their objectives with the same degree of ef- 
fectiveness. In general, students who use the 
CHEMStudy and CBA course materials develop a 
petter understanding of chemistry, develop a 
better understanding of science, and develop 

a greater ability for critical thinking, as 
measured by the instruments used in this in- 
vestigation. Students who are enrolled in 
modern chemistry and CHEMStudy develop a grea- 
ter preference for science than do students 
enrolled in CBA, as measured by these instru- 


ments. 

Schaff and Westmeyer (61) use a test con- 
structed by the authors and entitled Assess- 
ment of Evaluation Ability in Chemistry to 
compare the performance of students in modern 
and traditional high school courses, They con- 
clude as follows: This investigation disclosed 
that students taught the modern curricula dem- 
onstrated a higher performance on the evalu- 
ation test than students taught the conven- 
tional curricula, while concurrently demon- 

performance on the 


strating an equivalent 
test when measured by the instrument 


tion Ability in Chemistry. 
iate the hypothesis that 
in the complex intellec- 
Nn, developed in students 


rrocess 
tual Pp ‘rricula. This suggests that there 
in other intellectual 
1 


choice ee of the Nuffield chemistry course in 
They concluded that exper- 

ts that in general the 

rial is suitable for pu- 


s in the proper ability range. The abili- 
5 tested are recall or knowledge, comprehen- 
ion zon in terms of the Bloom 
sio™ ilities 

b Furthermore, these abilities can be 
taxonomy by means of a suitable 


fully &s5° 
purpose A ce examination. The work was to 


iple choi 
mle pended into the second year. 
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records 
bis phen eg ES eine of 
So a = 2 fanned the exam- 
ESRA de Goh tee claim that these exam- 
- are extremely =o. for the 
he B.Sc., and M.Sc., egrees, 
segs ee performance of these gradu- 
ates at the doctoral level in American univer- 
sities, They conclude that Indians with an 
M.Sc., degree may be properly admitted for 
graduate work in American universities but no 
transfer graduate credit should be given. 
Thompson (73) found that College Board 
Science Achievement Tests are equally appro- 
priate in both regular and rie courses in 
emistry and physics, 
ee chom mad an analysis of the re- 
sults of year-end exams in chemistry. The pa- 
per contains tabulation and discussion of 


results, typical questions and final grades, 


FUTURE OF THE GRADING SYSTEM 


Performance of students is eva’ 


terms of grad 


as the lowest passin; 
grade, In many countries, equivalent numerical 
Systems are used with 10 as the pe 


unrest, (68) 
Educational 
(40) with arti 


ventional Grades, (25) T 
of Grades, (26) The Grade 


or Boojum? (55) ang Will 
Grade? The criticis 


moe à 

heard pointes (ant entres aroun: 

1. Letter grades wit 
values Present a — Pata ts 
objectivity and precise evaluation - 

2. Letter &rades and &rade Point avera; 
distort and debase the whole learning 
cess = — 
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Sociateq 
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great ma Papers 
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70, 78) 5 ding, (7, » 18, » 58 a ia 
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©cognizeg as Valid, no Viable 
he 


of 
alternative exists in the complete absence 
a to many of these ateo aN , 
has been advanced. This is the a asia 3) 
a variation of which is described i B, CG 
The student contracts for a grade, tructor, 
D, and, in consultation with the edie as- 
the precise requirements are a exper- 
Signed in terms of readings, repor nt receives 
iments, and examinations, The nO tasks, 
a grade upon completion of the ee aanbory’s 
repeating any that may not be ee class 
Shirts tried the grade contract in a 
and made the following Saas an A 

1. Most of the students contracted 

2. Students worked hard ser 

3. Students who contracted for heed a c1as5 
grades assumed no responsibility Ai 
discussions aistastefu 
Assignments became burdensome, dents 
and Possibly meaningless to “er of goo 
Most students showed indication 
learni: ent 

6. Students began to display sigs nr an 
Taylor (68) describes the grade o experiences 
assesses opinions of students oT eee senior 
the technique, Data were secured evaluation" 
in an educational measurement and ses to ê 
course. Analysis of student Po favourable er 
14-item Scale showed a generally te por 
opinion of the grade contract — with s 
comparison of a grade contract iea viewe 
control group showed that the P irer sys tech- 
the grade contract method as a roe ntional 
of assigning grades than the conv ef ect 
nique, the å 
Poppen and Thompson (57) gee fat 
of grade Contracts on student per subs p al 

und that this research does not tradition 

S value of grade contracts over students at 
approaches When used with college values 

Sere may te undetected vales oT 


nse 
ification”, 
may be obtained with further modifi i 


4, 
5. 


Llow mover it 
© Procedure certainly does a ction gra? 
towarg individual ization of see as 2 
Seems to ve no real disadvantag' seme 
ing Procedure, 


je 
cerit dif 
A more general reaction to a a mo y 
has been a markedly increased vadesi i 
& system, employing as Sedit- 
OF a a ore 
or Equivalent 


o 
; ; turns 
n, (9) on the basis of *pch0O) >” s jp 


Benso 
Questionnaire from 240 graduate agvantā 
the following advantages and disa 
the pass-fail system: a 
To the raduate school pore 
Rave er aduate school IMF of! 
Advantages it i5 gitt 

İS more realistic because 


the trê 
Sible to grade fairly under 
System; 


e use of 
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2. The student cannot raise his grade point 
average with research or a thesis 

3. The system makes it more practical for a 
student to take work outside of his major 


field 
4. The pressure on faculty is reduced 


Disadvantages 

1. Registrar and administrative confusion 
results when a second system of grading is 
introduced 

2. The grade point average does not reflect 
the total work of the student 

3. Courses get sloppy and instructors evalu- 
ate poorly 


To the students 
Advantages 

l. There is less pressure on the students 

2. The system does not confuse research grades 
with the academic grade point average 


Disadvantages 

l. The student may be penalized in competing 
2 for stipends 

+ The student cannot be recognized for out- 
5 Standing work 

* The student cannot improve his grade point 
The -Verage with thesis or research M 
Baa of pass-fail has also spread to 
wida cte Schools. The pass-fail system is 

ely used in the following cases: 


der- 
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1. Theses and research papers 
2. Unstructured courses such as research, 
seminars, and special topics 
3. Courses which are not an integral part of 
a student's major field of study 
Recent literature suggests that the pass-fail 
grading will be extended to courses that can- 
not be graded objectively or with confidence, 
and to courses that broaden a student's edu- 
cation without the expectation of expert com- 
petence, On the other hand, sporadic reports 
indicate that many places having adopted the 
pass-fail system are now abandoning it. 


CONCLUSION 


The ferment on assessment continues. The im- 
portance of examinations in the educational 
process has been recognized and there is every 
indication that active interest will continue 
in an effort to design better tests, Examin- 
ations are instruments of measurement, an 
measurement plays & role in the developmen 
field, Just as the clinical thermometer 
shen! lopment of medicine 


puted to the deve. 
pae o a balance to the development 


ment of tests and 
chemistry, SO the improve! 
of nations can be expected to contribute to 
the development of chemistry instruction, 
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The great discoveries in physics made at the 
beginning of the twentieth century marked the 
start of a new scientific revolution which was 


ll spheres of 


uraged by 
the general 


creative life, 


The need for more extensive and more a 
it essential 4, sess 
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the teaching of all the natural estes 
it is also closely linked with the pro degre? 
the teachers' own personalities, their xtent 
of training, their competence and the © 
to which they can communicate. teacners 
There is a shortage of chemistry (a) a 
throughout the world. (5) This means: ( (b) @ 
purely numerical shortage of teachers; contem- 
Shortage of good teachers working at opriet? 
porary level. The attention of the ic one f 
bodies should be drawn to the fact tha per ° 
their main tasks is to increase the na gevel- 
teachers, This is particularly true ° a snort” 
oping countries where there is a pg 
age of teachers in general, and of ee p 
teachers in particular, As a result, sh prouf 
countries are inevitably trying to pu her- 
various accelerated and shortened pee to a 
training Programmes, which cannot pe a2 
fect the quality of such training. T needs p- 
acute problem, the solution of which ing ae 
further research with a view to produ riot 
ommendations about the best possible e nig” 
for accelerated teacher training. In ntrier? 
developed socialist and capitalist nee 
a trend towards a rise in the number ugh» P 1ef 
istry teachers is also apparent altho co Fe 
© Same time, most of the capitalist © of * 
are increasingly faced with the probl P 
“nemployment of such teachers. ry» ners 
Numbers do not tell the whole st? proses, 
ever, Equally, there are increasingly ache 
calls for a greater number of 'good 
) This is a much more complicated joa ; 
to solve, Educationists of the class#°") put? 
used to Say 'A bad teacher teaches = he 
a good teacher teaches how to find it 3 a 
Problem is for all teachers to be '8°°" agre 
this sense of the word, One can partly ner 
with the description of the ‘good’ tf ss pe 
Snara by the author of an article on top + 
Problem (7) but, as I see it, the CrY* g do 
Problem lies in the teacher's ability „ny 
his work in a creative manner. This * 


prodl©t oo 


jt 


= highly important, in the system for train- 
een a good teacher, to ensure not only that 
pac a ees sagen at first hand all the latest 
ls rd ific discoveries in chemistry as well 
ae ee and in the science of educa- 
h a ut also that he acquires, while still 
io, ent, an aptitude for scientific research. 
i curriculum for a chemistry teacher's train- 
in is an extremely complicated matter. Where 
ioe chemistry teachers best be trained? In 
en versity chemistry departments, or in the 
nea oe departments of university colleges, 
eer offer a special course for teachers in 
ee mistry and biology, chemistry and physics, 

C.? The practice of such departments is to 
atte a great deal of attention to the teacher's 
Staining in educational psychology (cf. for ex- 
Ped 5 and 8) and this is laudable, but his 
eo education suffers since the number 
es hours allotted to it is approximately half 

e number offered in chemistry departments, 
Fon this inevitably has an effect on the qual- 
ree of training. I feel that in any teacher 
eee the chief and fundamental task is 
“ee the teacher in his special subject 
erate afterwards in psychology and in edu- 
a Tas A teacher must first and foremost have 
oe orough knowledge of his subject and only 
ono of teaching methods. This is why any joint 
a urse seems to me less effective than training 
Be ee gon wriy ag chemist’. Joint courses may 
Slas l right for teachers in junior chemistry 
tenca or for general science courses, but 
Songer” for senior chemistry classes in se- 
si n2tY Schools should be trained in univer- 

Y chemistry departments. Whether chemistry 


is 
better combined with biology oF physics is 
ysics and 


o 
Metin discussion. A link with ph 
avon te scema; the best combination, (9) How- 
along the practical work of teachers trained 
nunbe these lines in Denmark, France and a 
ches of other countries shows that such tea- 
tea S give significantly more weight to the 
Ching of physics and the pupils knowledge 
The wemistry is markedly poorer as a sant 
tray, est results are consequently obtained by 
Ming a ‘straightforward! chemist. . 
in ae choice of the teaching profensice ay i 
ea is instance, choosing tO be a chem nal 
‘hing is of great social significances 
tenche of teachers and the f 'goo 
Oung pe depends directly j pe: 
t eople choosing this har 
i work as their careers It is aifficult to 
as ap be this social problem in generat 
is close ound up with the - 
agire of oe paren ofits Here, F so 
Pi countries are faced bY one se 
nS and the capitalist countries b 
dey poten Tee tee to whether 
veloping countries accor 
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ee is developing along socialist or 
st lines. I suggest that it is the 
cialist system which provides optimum a 
tions for the development of education The 
experience of the U.S.S.R. and other socialist 
countries shows that under the socialist system 
the intellectual and material stimuli provided 
for school and university teachers are such 
that young people are strongly attracted to- 
wards the teaching profession, (10, 11) In so- 
cialist countries, the distribution of gradu- 
Stos among the different branches is planned 
and every graduate is arante! 
the State. i PE ESN 
In capitalist countries, there are many 
complex social problems associated with the 
choice of the teaching profession, The system 
of competitive examinations for posts in sec- 
ondary schools (5) can be justified in many 
cases, but if a graduate cannot look forward 
to guaranteed employment, this makes him very 
dubious about choosing teaching as a career. 
The problem of teacher unemployment is a ser- 
ious one, I believe it is for mankind to en- 
sure the most favourable social conditions in 
which young people can train to become teachers. 
From time immemorial, children have been taught 
to show an especial respect and love for their 
parents and teachers. In the modern world, 
which is the world of speed, technology and 
progress, education, respect for the teacher's 
tion of the objective conditions 
most conducive to it should be among the most 
highly valued goals devolving on the individual 


and on mankind as @ whole. 


THE CHEMISTRY TEACHER 
do the new trends in the training of 
2 In my view, the 

chemistry teachers consist’ 

most evident trends lie: (a) in the attempt to 

establish 4 unitary, coherent system of chem- 

istry instruction at secondary school and uni- 
broaden considerably 


versity; ( ) in seeking to 
f chemistry courses at secondary 


e o 
as so as to include many aspects which 
until recently were the province of the uni- 
versity and, consequently seeking to broaden 
the range of university courses, 
ing various elementary 


+ of transferr 
of the course from the 


hool., I shall 
levels' of 


In what 


y to the secondary SC. 
call this trend the ‘merging of the 
education. 
Both trend 
ous countries. 
analysing the S 
and the directio 
in the Federal Republic 
Kingdom, India, Japan an 


learly reflected in vari- 
tter is discussed when 
+andard of chemistry teaching, 
n in which it should develop, 
of Germany, the United 
d the U.S.A.(5) It is 


sare c 
The ma 
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also being actively discussed and worked on in 
the U.S.S.R., particularly in connexion with 
the introduction of universal and compulsory 
secondary education,(10, 12, 13) and is receiv- 
ing close attention from chemists in the German 
Democratic Republic, Czechoslovakia (14 to 17) 
and other socialist countries, I would partic- 
ularly like to stress that we are here consid- 
ering a trend in teaching theory and practice, 
The secondary school is taking over large sec- 
tions of chemistry teaching which only 10 to 
20 years ago were the province of the univer- 
sity. This is true of such braiches of inor- 
ganic chemistry as the structure of matter, 
oxidizing and reducing reactions and qualitat- 
ive analysis as well as a conside: 
organic chemistry, 
the structure of be 
qualitative level) 


tals of physical chemistry, 


stablishment of a 


extbooks edit 
by G. Seaborg, U.S.A., L. A a 
Cvetkov, U.S.S.R., ete.).(17, 18) : 


a Secondary s hi 
cher must be capable of teaching i the or Ea 
ard which these new trends require a 


For example, 


the new curriculum in the che oe Odessa 

mist z 
introduced over the past few Jara, a 
for the following five * provides 


-year cour. 
laboratory work (figures E a Study and 


hours): higher mathemat, ; 

ches of higher mathematics’ ba any an 

theoretical Physics, 54; struct 
3 quantum chemistry, 54; 

352; analytical chemistry, 26 
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foreign language, 300; physical education, a 
It will be seen that a chemistry graduate E 
this university receives a broad education m- 
physics and mathematics (including, as & oe 
pulsory subject, the use of computers for aon 
ing problems in chemistry). Chemistry is “ae 
on the basis of quantum theory concerning 4 
Structure of the atom and the chemical pant sm 
modern stereochemistry,theory of the apn 
involved in chemical reactions and the amg 
and thermodynamics of chemical PHORESIS: Fan 
cluding correlation equations and an = 
tion to the numerical theory of reactivi Pily 
their fourth year, students enrol pp agree 
for one of the special subjects opten oP 
are seven such subjects at Odessa Univer 
inorganic chemistry; analytical casero o 
Physical chemistry; the physical cad of 
Polymers; organic chemistry; the cae ra 
natural and synthetic physiologically Te a 
substances; and chemical methods for Pr Ene 
ing pollution of the environment. kea play 
courses on these special subjects, whic stu- 
an important part in giving present-day lec 
dents a wider range of training, inclu 20 nours 
tures and practical work, most of the A pa 
devoted to them are spent on research study 
cordance with a highly individualized Si years, 
Plan. During the third, fourth and fi e months 
of study, each student carries out fiv re- 
Practical work in a chemical factory ene 
search laboratory and two months’ teac 
practice in a School, 

Industrial and teaching practice 
ried out under the supervision of un 
teachers ang instructors made one 
pctontes and secondary schools. In seer or 

Student performs definite labora 1 
Workshop tasks, In the secondary oe sup Ee 
vist Prepare in collaboration og six 16° 
; T, and give unaided, not less in the 

ons. Each of these lessons is giv students ds 

oe of supervisors and ne a 

with o then jointly discussed. ae tnes ins 
oe Student preparing a dipl ie r ae 

to the = ©*Perimental work on a SOE apartmen 

F mien sentifio research of a gef ending’ 
ani rae he has been working, an Boards 

© before the State Examining feren? 
tess a curriculum is not vastly all tee 
akena © one introduced in 1965, pY stud? 

f mages made "Ze Designed to: give “g 5- 

ematios herough grounding in physio ant qu? 

tion an, here is one further impo proach, 4,0? 
(shares CoS from this curricular SP mioh 

to la. y all Soviet a th ar 

whether 14 °t8°ussion from time to istry og 
ane Be 1S better to train chem adopt sre 

a Special Secondary schools: (a) PY cor Fi 

teachers, ‘tlabus designed solely pe” 

PS; or (b) by using the same © 


oh 
are cê 

versity 
le by 
e fac 


e 
ory? 


ath graduates - research workers, future 
one page in industry, and teachers - alike. I 
for Ap of a standard university syllabus 
an e training of all chemists, whose future 
Mies in society is in the last resort deter- 
20) A by their studies and subsequent work. (8, 
tnd ny graduate research worker, worker in an 
Pod Oo laboratory or technologist would 
T a knowledge of psychology and the science 
ia soueen useful and it could only help him 
in ae work, Similarly, experience of working 
faye ndustry or a research laboratory and a 
eee of the methods of scientific research 
mae exceptionally useful to a teacher. For this 
Be Son, a standard training course for all 
Ee e a ee paying due attention to educational 
n ence and psychology, appears preferable to 

Y kind of narrow professional training, €.8. 


o 
f teachers, of research workers, etc. f 
The problem of what constitutes @ "good 
In the opin- 


Teacher has been mentioned above. 
re of D, Hamachek,(7) he is amiable, unassum- 
a and upright, wise, with 4 sense of humour 
hi a gift for teaching, adaptable and with a 
gh standard of general culture and education. 
is possible to agree with much of what this 
E hor says but, in my submission, @ good 
igen must also have scientific curiosity a 
creative ability. Only if he combines 4 


© above to which shoul 
qualities ( fara of pro- 


devot 

ion to duty) with a high stan 

sSsional 4 ability, can 
trai and creative 

aed ood teacher. The 

1 scientific 


o likewise, is 


aut, 


ab 
ts aed to create, 
and inspire his pup 
goed at 5 Thi me ——s 
we? or any other similar ood 
nts only one of the ways in which @ 6 


e 
Ene can be trained. The curricu 
i 


tion, however, i 

and atmosphere in t 

or university eens p 
est-designed curriculum 

if the E ee staff themselves are 
a formalistic, dogmatic, uncre? 

A creative atmosphere, ĉ nigh 


rit 
Sity 
the b 
Ure 
With 


ci 

ralae! civic-mindedness and fri _ such 

are — between teachers ra err training 
he factors most conduciv he very pest 


of 

Bood + is why 

tea, eachers. This oups in 
Chers from those & and 
usually come sents fic stan 


Which 
there i high se 
w s a hig 
tacte the creative spirit permeates 
Ching system. (21) jes to train 
i Everything said above appl sit teachers 
= of secondary school en jn most 
Oe measures It is tHe pra? trained Por 
tries for the teacher e mentary train 


Un, 
versity work to underé° 
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ing in the shape of postgraduate work of vari- 
ous kinds (5, 10) and levels (differing in 
the length of training, standard required for 
theses, etc.). There is indeed a general trend 
at present to demand of the teacher a higher 
standard of all-round education, better knowl- 
edge of chemistry in general, physics, math- 
ematics and his chosen special subject and 
also a more advanced level in his diploma the- 
sis. However, supplementary training should 
not be regarded as compulsory. There are cases 
where young people, selected for university 
teaching straight after completion of their 
five-year course have tackled their jobs su- 
perbly and have subsequently defended their 
theses brilliantly, without any supplementary 
training, continuing to study and to carry out 
research in the course of their teaching du- 
ties. 
The training of a university teacher de- 
pends to an even greater degree on the stand- 
ard and rhythm of scientific life and the crea- 
tive atmosphere among those working in the de- 
partments. A professor who really cares about 


ensuring the continuation of his work must, 
tend the bright, new blossoms, 


like a gardener, 
i.e. the young scientists and teachers, attent- 
ively. Experience shows that this process 
should begin in the very first year of studies. 
It is always possible to find inquiring minds, 
fine young people burning with the desire to 
engage in original scientific work. It it is 
such fresh young people should be- 
first day to 


med from the very 
reative scientific group; 


their fifth-year degree work will be better 
than any thesis produced by an ordinary post- 
can be called a search for 
t this search be 
I would even go further and contend 
roh should be begun still earlier, 
dary school, and for this purpose 
direct contacts between the university and the 
secondary school are extremely important. In 
any cases such contact is necessary for very 
many other reasons which will be mentioned 


In the prerequisites for training a good 
university or secondary school teacher are an 
atmosphere of original scientific work and the 
xistence of teams of scientific workers who, 
i their own person, set an example of honesty, 
devotion to duty and civic-minded- 
ing in mind what has been said above 
ls and the rapidly 
ds extending the range 
in the universities, the 


conducted. 
that the sea 
jn the secon 


teaching 


onsiderably an 
raised © pe met by any other gradu- 


the requirements to 


ates. 
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Lastly, reference should be made to one 
further problem concerning the training of 
teachers for higher education. All chemistry 
teachers working in polytechnic, technological, 
teacher-training and other specialized higher 
educational establishments should be univer- 
sity graduates, since only a university educa- 
tion affords a sufficiently wide outlook and 
an insight into scientific thinking. 

Quite a few books have appeared recently 
on the application of teaching machines to the 
training of chemistry graduates.(cf. e.g. 22) 

I believe that such machines could be very use- 
fully employed on a wide scale for the purpose 
of developing and improving the directed study 
system: thus they can be used effectively for 
directing independent work on projects in spe- 
cial classes, for providing advice with mini- 
mum teacher participation, for preparing for 
laboratory research and to some extent for 
checking on the progress of work. But the most 
important element in teaching is, as it always 
has been, contact between teacher and student, 
the immediate transference of experience and 
the initiation of young people into the living 
traditions of a particular scientific commun- 
ity. 

A very vital and important problem is that 
of further training for both secondary and uni- 
versity teachers, This problem presents spe- 
cific features at each particular type of 
school, Let us look first of all at further 
training for secondary teachers, There can be 
no doubt about how urgent this problem is, A 
large proportion of secondary school teache 
in all countries (5) left university or oth 
higher educational establishments 10 to 20 
years ago and sometimes even more, Are they 
now ready to teach at the level required and 
to grasp all the new trends now apparent? Ob- 
viously not. In one IUPAC report (5) it was 
Stated that if an educated man from the four- 
ba century were transferred by time machine 

Seventeenth, he would be agreeably sur- 


prised at the broadening of intellectual in- 
terest but would 


rs 
er 


This means, according to present estimates, 
that a university graduate will need to repeat 
his higher education at least four times during 
his working life. Should he not do so, he will 
necessarily be a drag on scientific and social 
progress and hinder the optimum development of 
education, 

There are several possible ways in which 
secondary school teachers can receive further 
training, The first is by self-improvement, 
e.g. reading newspapers and books, consulting | 
people, maintaining constant contact with one § 
alma mater, going to various lectures, etc, 
This depends to a great extent on a person's 
character, My belief is that a strong, well- 
balanced, dedicated and energetic person (a 
"good' teacher) can do a great deal in this 
way. To achieve self-improvement, of course, 
the material possibilities must exist, the 
person concerned must have free time and there 
must be the necessary objective conditions 
e.g. the opportunity to buy books, to sub- 
scribe to journals, to attend lectures and 
maintain a link with the university. Never- 
theless, even under the best possible condi- 
tions, such a person will not have enough 
opportunities for discussion, human contacts 
or participation in university life. That is 
why, whilst not excluding self-improvement, W°- 
must look at other ways in which further train 
ing can be provided, 

There are, moreover, some secondary schoo} 
teachers who for a variety of professional, 
Psychological or material reasons are simply 
not inclined to self-improvement, It should ee 
also be added that in many countries (4) text 
books, far from being conducive to self-im- 
provement, actually serve to widen the gap 
between modern scientific knowledge and the 
level of teaching in school, i 

Another possibility is to establish a $Y 
tem of university refresher courses for tea- 
chers. Various systems of this kind are in 
operation in the U.S.A., the Federal Republi? 
of Germany, the United Kingdom, Denmark, S¥° 
Gen and other countries and considerable iM- 
portance is attached to them. According tO 
the IUPAC report, preference is given to 
10 week courses which include both lectures 
and laboratory work, (5) Courses of this kin 
enable school-teachers to become genuinely 
immersed in the life of present-day commun 
ties of chemists and to imbibe the spirit ° 
modern scientific ideas. As a rule, thes? 46 
courses are arranged for groups of 50 pe°P g- 
who attend lectures, discuss problems in © 
inars and carry out individual work. The 
available information (5, 22-24) indicates f 
that, in the U.S.A. for example, a system all 
this kind caters for about 25 per cent of 
chemistry teachers, 


to 


In Denmark there is a universal system of 
refresher courses, and practically all tea- 
chers systematically attend such courses at 
universities. In France, Sweden and many other 
countries also, considerable experiences of 
refresher training for teachers has been 
acquired but the existing systems are not com- 
Pulsory on a country-wide scale, 

In the U.S.S.R. and other socialist coun- 
tries, a system of refresher courses for tea- 
chers also exists.(10) In the U.S.S.R. it is 
a State system and is compulsory for all tea- 
chers, chemistry teachers included, Every tea- 
cher takes a refresher course once every five 
years, these courses being held at universities 
in the various regions of the country. The work 
is planned on a 144-hour programme which in- 
cludes lectures by the universities’ leading 
Professors and laboratory work. While studying 
at the university, teachers receive their nor- 
mal pay and are accommodated in a hotel.(10, 
21) In many other socialist countries, e.g. 
the German Democratic Republic, Poland, Cuba, 
Czechoslovakia and Hungary, there are also 
unified systems of refresher courses for sec- 
ondary school teachers organized on lines sim- 
ilar to those described for the system in the 
U.S.3.R,(22 to 24) 

In both the U.S.S.R. and the U.S.A., a tea- 
cher is given an appropriate certificate at the 
end of the course. It is interesting to note 
that the refresher courses of all countries lay 
Stress on a repetition of the basic chemistry 
Courses at a modern level. In my view, this is 
right. A refresher course should first of all 
= Over the basic chemistry course with the 
ee and only then tell him about some of 

© latest methods of research and new branches 
fin nent Considerable attention is devoted 
ed ng refresher courses to psychological and 
Ucational matters. The further improvement 
aly, resher courses for teachers is exception- 
thee important and is a necessary new trend in 
education system. 
Son A third way, closely linked with the first 
Syl} is the regular revision of textbooks and 
eff abuses, so encouraging teachers in their 
ih Orts to improve the standard of their teach- 
hare higher education is concerned, the 
lem of further training assumes somewhat 
b fferent aspects, This problem is closely 
Ound up with that of the teacher's original 
Scientific work (and in this connexion it 
Should be pointed out that even in secondary 
Schools, particularly in those where there is 
800d school laboratory and the school is near 
University centre, research is now widely 
recognized as a very effective means for a 
acher to improve his qualifications), The 
est form of continuous further training for 
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a university teacher is participation in re- 
research in an appropriate scientific commun- 
ity, work in other laboratories in order to 
learn new research methods, and a constant 
introduction of new elements into his teaching 
work, In addition to this, it is essential to 
organize lectures on the latest achievements 
in education and psychology. We have had such 
lectures in our university for a number of 
years and they have proved highly effective 
(70 hours in the course of a year). Equally 
good results are obtained by instructing uni- 
versity chemistry teachers in the methods of 
computational mathematics and practical work 
on computers, 

Methods such as these are used in pract- 
ically all countries but the U.S.S.R. is the 
only one which, for more than five years, has 
had a compulsory nation-wide system of refresh- 
er courses for all teachers in higher educa- 
tional establishments. Teachers attend such 
courses once every five years on full pay, and 
the State pays their fare to the place where 
the course is being held or to the faculty pro- 
viding further training in their particular 
specialty. Under this system, the universities 
act as further training centres for teachers 
from other higher educational establishments. 
(21) 

The problem of the link between the uni- 
versity and secondary schools goes far beyond 
the problem of further training for teachers. 
The universities should, ideally, exercise a 
genuine influence over the whole life of the 
secondary schools, including their pupils' 
choice of future career. To achieve this aim 
(where the teaching of chemistry is concerned) 
a large number of important organizational and 
other steps need to be taken. 

These include: (a) the organization of 
televized lectures from university centres 
about topical problems of scientific develop- 
ment, including chemistry; (b) the organization 
of a system of public lecture centres (includ- 
ing some for school-children) on problems in 
chemistry; (c) the organization of regular ex- 
cursions for school groups to university labor- 
atories, with an explanation of the problems 
on which they are working; (d) the organization 
of school chemistry clubs where children, 
the guidance of a teacher or students, 
carry out experiments on sub 
on their syllabus; (e) selec 
pupils for work in a univers 
(£) the holding of chemistry 
contests for school-children, 
woe (g) the organization 

y schools, in universities, 
children particularly interested in 
(h) the organization of optional che 
courses for school-children, also a 
versities, 


under 
could 
jects not included 
tion of the best 
ity laboratory; 
competitions and 
in schools and 

of summer 
for School- 
chemistry; 
mistry 

t the uni- 
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By these means it will be possible fc 
schools and universities together in a agree 
educational system, infuse fresh ny Ba d 
the school-teacher's work and help the s : 
ary school leaver in his choice of aoc a 
own practical experience clearly underline 
value of such measures. (8) 


This article has examined some new trends in 
the training and further training of chemistry 
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teachers and, more generally, in the develop- 
ment of chemistry teaching. Although not eee 
haustive, it will, one hopes, draw the atten 
tion of the chemical fraternity at large to 
the essence of the question under discussion o 
and will make it possible, by further constru 
tive discussion, to elucidate those matters 


and problems which have received insufficient 
attention, 
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Promoting improvements 
at the national level 


INTRODUCTION 


The improvement of chemical education is due 
to several factors. Some of these are directly 
related to the evolution of chemistry, of sci- 
ence in general, and of their scope. Others 
are connected with the specific needs of each 
Country, depending on its economy and social 
Characteristics. Schools and universities are 
faced by the problem of adapting chemical edu- 
Cation so as to present the discipline in an 
Up-to-date form and to meet the requirements 
of the country concerned, The ability of the 
educational systems to make changes ensures 
t improvements are possible and that they 
oe Quickly assimilated, This ability is ob- 
tously a function of the procedures hy whiny 
dir Kes take place. A critical analysis of the 
i ficulties hampering the processes involved 
efforts to improve chemical education in 
con tOus countries is helpful in order to over- 
me those difficulties and devise suggestions. 
e present paper the writer does not pre- 
to carry out a complete analysis of this 
thi because reports are relatively meagre on 
main Point, but he will attempt to survey the 
coun types of strategies followed by individual 
“tries to improve chemical education in 
vi Schools and universities. It is hoped 
this will stimulate further interest in 
the Comparison of processes for change and 
» in the end, more information will become 
lable on the capacity to make changes. 
an, Apart from references to specific articles 
Private communications, a number of recent 


teng 
k 


avai 


vier references (1 to 6) have helped in pro- 

op 28 useful information for the preparation 
is paper, 

THE ScHoors 


= regards chemical education in the schools, 
Nitiatives for improvement are found to be 


in chemical education 


by G. Iluminati 


of different kinds, ranging from the activity 
of individuals and/or associations to govern- 
mental plans. 

One of the most important examples of pro- 
jects initiated by individuals and carried out 
through non-governmental schemes is provided 
by the CHEMStudy project in the United States 
of America, (2) Stimulated by recommendations 
emerging from a survey by the American Chem- 
ical Society, on the teaching of chemistry in 
secondary schools, the project was initiated 
in 1960 by a group of university scientists 
and high school chemistry teachers to develop 
new curricula, It was sponsored and funded by 
the National Science Foundation and by two 
universities in California. It produced a text, 
@ Jabwertay menuel, ard TIIN. Its success 
may be measured by the large proportion of 
high school chemistry classes adopting the 
project in the U.S.A., by the widespread in- 
terest aroused outside that country (it has 
been translated into 12 languages) and by the 
extensive circulation of the books developed 
by the project. The large diffusion of the 
CHEMStudy project among American schools is 
certainly a sign of their ability to assimilate 
improvements (TSS: 12,000-500,000-7,000) .* 

One of the most important projects in the 
United Kingdom, the Nuffield Science Teaching 
Project, was started in the early 60s by high 
school teachers (Association for Science Edu- 
cation) with the financial and organizational 
support of the Nuffield Foundation. The basic 
idea was similar to that of the CHEMStudy ap- 
proach in that it was recognized as essential 


*By TSS we mean the main implementation fig- 
ures based, whenever available, and unless 
stated otherwise, on the adoption of the en- 
tire programme (number ofteachers - number of 
Students - number of schools) according to 
the Eighth Report of the International Clear- 
inghouse on Science and Mathematics Curricu- 
lar Developments 1972. (2) 
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for any improvement in science education to 
"have the time and the people to think about 
things in a concentrated and in a continuous 
way'.(3) The Nuffield Project was concerned 
with curricula, as well as teacher training 
and examinations.(2, 7) By 1967 it had pro- 
duced as many as 50 books including student, 
teacher, and background texts, with a circul- 
ation of 300,000 copies, Although it was de- 
signed for the organization of high school 
science studies in the United Kingdom (for 
example, O-level chemistry courses and, later 
on, A-level chemistry courses) the Nuffield 
techniques were adopted in other countries 
(East Africa). (TSS for the A-level chemistry 
course (1): 150-2,000-64) 

The more usual European approach to im- 
prove school education is based on actions 
in a given field initiated and supported by 
governments, tending to plan changes on a 
national basis. There are several indications 
that this planning approach may very effect- 
ively lead to the development of chemical edu- 
cation, 

In the Netherlands, the introduction of a 
new system of secondary schools ('mammoth law') 
called for the renovation of chemistry curric- 
ula through an appropriate government commis- 
sion, It is a seven-year plan, (2) ending in 
1977. The project is supported by the Depart- 
ment of Education and Sciences as well as by 
the Royal Netherlands Chemical Society (TSS: 
75-4,000-50). One of the interesting features 
of the 'mammoth law' is the provision of the 
appropriate tools to make educational exper- 
iments possible with a view to further struc- 
tural changes. (8) 

In Denmark, frequent changes in the edu- 
cational system have been recorded in recent 
years.(9) A considerable freedom is granted 
to teachers with respect to teaching methods 
and choice of textbooks, However, improvements 
in the teaching of chemistry suffer from the 
limited number of teaching hours, which are 
fixed by law. For example, it would not be 
possible to develop any course comparable in 
Scope to the Nuffield System or the CHEMStudy 
Project, 

E Paper on Education ( 
| y the British Government is no doubt 

inne gress though indirect, effort to im- 

Eateries Tarde chemistry as well as other 


ficial re 


10) recently 


The Scottish Secondary Science Schemes (2) 
were initiated by the Scottish Education De- 
partment and the Consultative Committee on 
Curricula and supported by the same Department 
in conjunction with local authorities. They 
started in 1962 and have already covered the 
entire student population of the 12 to 18 age 
group. 

A typical example of a generally planned 
system can be found in the Soviet Union. (11) 

A law stating the relations between school and 
life and the need for further development of 

the public education system (1958) gave rise to 
several subsequent steps by the public education 
authorities in conjunction with the Academy of 
Pedagogical Sciences, The Ministries of Educa- 
tion of the Soviet Republics eventually asked 
(1963) the Academy of Science of the U.S.S.Re 
and the Academy of Pedagogical Sciences of the 
Socialist Federal Republic of Russia to form 4 
mixed commission including scientists, teachers: 
and methodology experts to analyse curricula, 
teaching materials and teaching processes. The 
Commission consisted of several sections (math- 
ematics, chemistry, etc.) and involved 72 mem- 
bers of the Academy of Pedagogical Sciences; 
university professors, school teachers and 
pedagogists representing a total of more than 
500 people. Their work started in early 19643 
the proceedings were published in specialized 
Journals under the series title Discussion 00 
the teachi: contents in secondary schools. 
the period 1965-1966 the Commission published 
three drafts for curricula and study plans, 
the first two being made available for criti- 
cisms and suggestions by scientific institu- 
tions, universities, and schools, The third 
draft was presented to the Central Committee 
of the Communist Party of the U.S.S.R, and tO 
the Council of the Ministries of the Soviet 
Republics, and recommended to the Ministrie® 
of Education as a basis for the preparation 2 
new plans, curricula, and books for secondary 
Schools, At the end of 1966 it was decided t° 
fix the year 1970-71 as a deadline for the 


implementation of th uote 
country, e changes in the 


In France, 
the improvement 


t 
3 


as part of a general plan £07 

; of education in schools, 2 
commission on the physical sciences and tech 1 
nology was created by the Ministry of Nation® 


Education and desi com- 

, @nated the Lagarrigue ~ n 
mission after its chairman (12) The Commiss+° 
consists of abou a 


à t 60 members, including gonr 
eral inspectors, university professors, t°? 
chers from classical and technical secondary | 
Schools, industrial representatives, and 77 
experts in mathematics and the biological Ê 
ences. Its task is a broad one and include? 
the reform of curricula as well as the tr rs 
ing of teachers. The French approach suff? 


from a certain degree of uncertainty, i.e. the 
fact that a structural reform was under way 
and that no member of the Commission partici- 
pated in the discussions on the reform. 

In Japan several steps have been taken to 
improve chemical education.(13) The Ministry 
of Education is a major factor responsible for 
the changes, It is gratifying that nowadays 
many officers in this ministry demonstrate 
their appreciation of the importance of science 
education and, in particular of chemical edu- 
cation, by encouraging research in these areas, 
The courses of study and their contents are 
Periodically revised (every 10 years or so) by 
consultative committees, The highest consult- 
ative body is the Science Education Council, 
composed of scientists, staff of teacher-train- 
ing colleges, and school teachers, Among other 
tasks the Council reviews projects for new 
courses of study when in their final form and 
has promoted the establishment of nearly 100 
Classes of science-mathematics courses at the 
Senior high school level. Science centres for 
the retraining of teachers through refresher 
courses are being created in each prefecture. 
At present, the capacity of these centres is 
Such as to ensure that one-week courses are 
taken by every teacher once in five years, Im- 
Provement in laboratory equipment has been 
made possible by the Science Education Promo- 

ion Law, which allows for concrete financial 
Contributions from the central Government to 
the local authorities running the schools, 

In India the Experimental Project on Teach- 
ing of Science and Mathematics (middle school 
Stage and senior high school stage) was guided 
by the Department of Science Education (Nation- 
al Council of Educational Research and Training 
~ NCERT) with the collaboration of Unesco. (2) 

Consists of a comprehensive study to de- 
velop new syllabuses and provide new instruc- 
tional materials. TSS (middle school stage): 
1,700-220, 000-580, 

There are three institutions in India mak- 
on Cooperative efforts to improve science 

Ucation at all levels.(14) They are the 
ie the University Grants Commission (UGC), 
tite the National Council for Science Education 
SOSE), Summer institutes were started in 1963 
A the initiative of these three institutions 
Nd were conducted by several university de- 
Partments with the cooperation of US-AID, of 
he National Science Foundation, U.S.A., and, 
n some cases, of the British Council. The 
institutes served as training centres for tea- 
Chers, More than 3,000 teachers were trained, 
using materials developed by American and 
British projects, Furthermore, NCERT set up 
Study groups in chemistry with university pro- 
fessors as directors and school and college 
teachers as members, The study groups aim at 
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the preparation of new teaching materials such 
as texts, laboratory manuals, and teachers' 
guides. There are already summer institutes 
using study group material exclusively (Re- 
gional College Education at Mysore, 1971). 

Another nation-wide, government project, 
the 'Modernization of mathematics and science 
syllabi', is being carried out in Pakistan in 
collaboration with UNICEF.(2) It started in 
1966 and involves the entire school population. 
TSS: 70,000-1,940,000-5,500. 

The need for active cooperation with sci- 
entists has already been stressed, In this con- 
nexion there are several examples of government- 
controlled schemes conducted under the direct 
sponsorship and funding of certain universities 
and research centres. 

In Israel the Rehovot Chemistry Group was 
originated by the Committee for the promotion 
of the teaching of chemistry (Ministry of Edu- 
cation) and supported by the Weizmann Institute 
of Science, the Ministry of Education, and 
Unesco.(2) It works in collaboration with lead- 
ing scientists and plans to take care of the 
entire population in secondary schools since 
1965 (age 15 to 18). TSS: 40-6, 000-30. 

In Mexico steps to improve chemical educa- 
tion are being taken by the National Council 
for the Teaching of Chemistry in cooperation 
with the National Association of the Univer- 
sities and Institutes of Higher Education. (15) 
Teacher training at the upper secondary school 
level is being carried out at some universities, 
Changes concerning primary and lower secondary 
schools are the direct concern of the Ministry 
of Education, 

In Argentina (16) chemistry courses for in- 
service training of teachers have been organ- 
ized since 1961, first by the National Research 
Council and, later on, by INEC (National Insti- 
tute for the Improvement of the Teaching of 
Science, since 1968) and by the cooperative 
efforts of INEC with the Ministry of Education, 
Plans for increasing the retraining of up to 
3,000 teachers in four years are being made, 

In the Philippines a science education 
centre has been organized by the University 
and the Department of Education and co-spon- 
sored by UNICEF and the Ford Foundation (2) 

The Centre has a full-time staff. It is in 
volved in a three-phase programme, i.e - 
riculum development, teacher education, cur- 
research in mathematics and science eau ni 
TSS (high schools): 36-2,325-29 ALOT 

There are a few other i 
national projects, One 


tional Devel- 
The courses were de- 
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ed on the basis of the Nuffield O-level 
pee a with captain local adaptations. 
: 300-300, 000-140, 
pans ae both the Swedish and Norwegian 
parliaments passed new education acts decree- 
ing 9-year compulsory education in schools. 
The new philosophy of education demanded sub- 
stantial changes in the organization of studies 
in several disciplines, including chemistry and 
the other sciences. In 1964 a Nordic Chemistry 
Committee began work as a joint Norwegian- 
Swedish project with economic assistance from 
OECD. The aim was primarily to achieve a modern 
syllabus for the subject. The project consisted 
of preparing new textbooks, developing self- 
instructional materials, and organizing summer 
courses for teachers and pilot courses for pu- 
pils. (18) 

We have mentioned several examples of co- 
operation with international or foreign agen- 
cies such as Unesco, UNICEF, CEDO, US-AID, etc., 
in nation-wide programmes. More limited, but 
still useful interventions by such agencies 
are possible and have helped in the realization 
of a variety of national projects, Thus, in 
Nigeria an in-service course for secondary sci- 
ence teachers (lectures, etc.) was arranged in 
April 1972 in cooperation with Unesco, (19) 

In Italy summer courses for teachers star- 
ted some years ago under the Sponsorship of 
OECD, These courses were followed by pilot 
courses for pupils, conducted whenever condi- 
tions were appropriate. The project involved 
the preparation of a textbook by a university 
team and was continued by the Ministry of Edu- 
cation in successive years. Difficulties in 
the continuation of the pilot courses for pu- 
pils were found since there appeared to be a 
need for structural reforms in matters such as 
the revision of nation-wide curricula and 
teaching hours, which are fixed by law. 


As a follow-up, two-week refresher summer 
courses are still offered to interested tea- 
chers, In the last few years, various regula- 
tions have excluded many high school pupils 
from the final examinations in science courses 
and have lessened their interest in such cour- 
Ses, A recent survey by the International As- 
Sociation for the Evaluation of Educational 
Achievement (Stockholm), which was carried out 
under the Sponsorship of Unesco and supported, 


on the Italian Side, by the National Research 
Couneil (CNR), Rome, showed some dramatic weak- 
nesses in the upper h 


igh school situation of 
chemistry in Italy. (20) 


UNIVERSITY EDUCATION 


In most countries, individ 
ual institution: 
university level are autonomous to sehen e 
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degrees whether they are controlled by a cen- 
tralized governmental system or not. (6) 

In Canada, the educational systems are 
controlled by the 10 provinces.However, the 
efforts of the individual universities to im- 
prove education show many variations in detail. 
In India, education is under the administration 
of the State governments and is not necessarily 
subject to the central federal authority. By 
and large, major support comes from the central 
government and governmental research agencies, 
or from the component states or districts. In 
Brazil, for example, even private universities 
receive partial support from the federal gov- 
ernment and this is now probably true of any 
country where such private institutions exist. 

Government support is not by itself an ob- 
stacle to autonomy. For example, in Israel, 
although more than 50 per cent of the total 
university budget comes from the Government, 
the individual higher educational institutions 
possess complete autonomy in connexion with 
curricula, admission rules, and organization 
of degree courses, Decisions are determined by 
the academic senate or similar authorities. 

Autonomy is an essential factor in promot- 
ing the diversification of educational approa- 
ches and related experiments, In contrast, an 
obvious drawback to absolute independence is 
the diversification of educational standards. 
Traditionally autonomous British universities 
are known to be characterized by a remarkable 
uniformity as well as by a high level of stan- 
dards, but this phenomenon is hardly reproduc- 
ible elsewhere under similar conditions. In the 
U.S.A., since 1936 the American Chemical So- 
ciety Committee on Professional Training of 
Chemists has been studying the complex prob- 
lems of determining standards and devising 
means to evaluate professional education in 
chemistry at the bachelor level, A set of 
criteria were established which formed the 
basis for a list of ACS-approved schools. The 
efforts of this committee have been very im- 
portant in shaping the study of chemistry in 
the United States, 

In most countries the autonomy of the in- 
dividual universities must be reconciled with 
certain legitimate requirements of a state- 
controlled system, In this case the responsiP~ 
ility for insuring desirable changes in edu- 
cation is shifted in varying degrees to the 
government authorities who are supposed to 
devise ways of assisting the evolution of t 
educational system in close collaboration wit 

the universities, A structural framework may 
be laid down by the central authority but it 
Should not be so detailed as to hamper fiex- 
ibility and experimentation by the individue 
institution, Even in the case of tighter Ste 
control, the framework should be set up i? 


close collaboration with university teachers 
and scientists. It is this delicate balance 
between opposing needs which is sometimes 
missed by the central authorities, thus limit- 
ing university autonomy in a harmful way. 

Changes in the needs of society and the 
great increase in the student population in 
the sixties have impelled governments to plan 
structural reforms in universities. A general 
reform has been planned in France and is being 
steadily applied, Within the framework of new 
principles the organization of studies may 
benefit from new educational experiments. 

The establishment of new reforms may take 
a very long time, especially as they must re- 
Sult from a compromise between opposing forces. 
An interesting approach which may obviate the 
latter difficulty consists in breaking down 
the overall reform into several parts.(8) This 
is what is being done in the Netherlands where 
the following stages are being considered: 

1. A reform of the management of the univer- 
sities (Veringa Law) 
2. A reform of the teaching structure (Post- 
humus Bill) 
3. A reform of the finance system, 
Even when the developments connected with 
those stages are in progress, changes in chem- 
istry curricula are not held back and can be 
Carried out to fit new ideas, such as the 
Organization of course work by teams of pro- 
fessors,(6) The Royal Netherlands Chemical 
Society, which has had an impact on the im- 
Provement of teaching chemistry in the schools, 
S also played a role in reforming the univer- 
Sities, especially in commenting on the Post- 
humus Bill with the objective of maintaining 
igh standards in chemical research and post- 
doctoral training. (8) 

Among the fast developing countries, Korea 
has been taking concrete steps for the last 
10 years toward a scientific orientation of 

© nation, (21) Chemical education has bene- 
fiteq considerably at all levels from the as- 
Sistance of both the Ministry of Education and 
he Korean Chemical Society. In particular, 
Sraduate education received proper attention 
in the newly established Korean Advanced In- 
Stitute of Science, where the courses of stu- 

es are given on as flexible and creative a 
asis as possible, 

In Cuba, the main effort is being directed 
toward the participation of students in the 
Productive activities of the country (22) 
through a combination of work and study in 
Varying forms depending on the educatimal 
level (schools and universities). This com- 
bination is encouraged by the creation of 
Schools near working areas and by the increased 
Availability of chemical laboratory facilities, 

In order to obtain an accurate picture of 
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national problems in chemical education, sev- 
eral countries have produced national surveys 
to serve as a basis for suggestions concerning 
experiments and improvements. Several surveys 
have been prepared in Australia in the last 10 
years.(6) The report of the Markin Committee 
(1963) resulted in a decision to diversify 
tertiary education by establishing Colleges of 
Advanced Education as alternative types of in- 
stitution to the universities. In Japan the 
report (6, 13) of the Central Council for Edu- 
cation to the Ministry of Education led to 
suggestions for the reorganization of graduate 
studies in view of the need to facilitate the 
retraining of people in society. 

An important survey was recently carried 
out in the United Kingdom (6) by the Committee 
of Enquiry into the Relationship between Uni- 
versity Courses and the Needs of Industry 
(1970). It was sponsored by the British Com- 
mittee on Chemical Education. 

Another useful initiative in several coun- 
tries is the publication of journals in the 
field. Among those which have appeared in re- 
cent years we may mention the Indian Journal 
of Chemical Education. (23) 

Meetings on chemical education have been 
organized at both the international and na- 
tional level. The chemical societies are more 
frequently devoting all or part of their per- 
iodic meetings to this topic. At the national 
level (for example, Hungary (24) and Italy) 
this is an excellent way to encourage people 
to become more deeply involved and to stimul- 
ate their cooperation in the schools and uni- 
versities, 

Perhaps the best example of a meeting in- 
tended to have a direct impact on the improve 
ment of chemical education is the binational 
conference held in 1969 at Srinagar (India) 
under the auspices of the Indian National 
Council for Science Education (NCSE) and the 
University Grants Commission (UGC) and the 
United States National Science Foundation, (6) 
The object of this conference was not merely 
the identification of problems, but also the 
preparation of a working document for solving 
the problems. (6) 

Summer institutes, advanced winter and 
summer schools (such as those in solid state 
chemistry) and workshops are being extensively 
used in India as a means of establishing chan- 
nels of communications and of exchanging exper- 
iences, Furthermore, courses are planned for 
use in the National Science 
Plan for Chemical Tedusteies, Gay Ei 

In Mexico, updating and ref 
at the National University Gers aun. Segue 
n Seyeral interesting initiatives nave Go 

latives have been 
taken in the Soviet Union to encourage the 
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i chemistry at various levels. (11) 
Mae turn to the establishment of 
committees having a well-defined, official 
mandate to decide or propose action for ap- 
propriate changes. We have already mentioned 
the important role of the ACS Committee on 
Professional Training of Chemists, In Hungary 
(6) inorganic chemistry courses underwent im- 
portant changes after a long period of fixed 
curricula. This was decided on by a committee 
of the Ministry of Education for all universi- 
ties in the country. Joint methodological stu- 
dies were carried out in U.S.S.R. by mathemat- 
icians, physicists and chemists to deepen 
thematics and physics education in chemistry 
courses, (6) 

Recourse to committees of experts who 
eventually communicate their results to a 
wider audience for public debate appears to 
be standard procedure for proposing reforms 
in several countries. The procedure described 
in the preceding section for the teaching of 
chemistry in secondary schools in the Soviet 
Union may well be applied at tertiary level, 

A further example is the procedure for reform 
first applied in the Bulgarian People's Repub- 
lic in 1973-74.(25) Following a set of new 
general criteria laid down by the Government 
in conjunction with the Committee for Science, 
Technical Progress, and Higher Education 
(CSTPHE), at the University of Sofia, a com- 
mittee of 10 to 12 chemistry faculty 
and three representatives of the Academy of 
Seiences worked out a project taking into 
account the organization of studies at 20 
foreign universities and the specific 
of society in their own country, 
discussed the project in several 
representatives of other universi 
try and research institutions, 
ials, and their own students an 
The project was then submitted 
final approval, 


An important process for general planning 
of university education in the Federal Republic 
of Germany was described in a Series of reports 
to the Committee for Higher Education and Re- 


members 


needs 
The committee 
meetings with 
ties, indus- 
Ministry offic- 
d colleagues, 
to CSTPHE for 


Council for Higher Education and Research (con- 
sultative body), In addition, a Planning Com- 
mittee for University Buildings has been set 
= A first draft of an overall educational 
plan was prepared in 16 months, and was sub- 
mitted to the heads of governments of the 
Federal Republic and the Länder. The key year 
for the implementation of the plan has been 
fixed for 1975. 

For chemistry curricula,(27) the trend im- 
plied by the plan consists of a reorganization 
to provide for an overall duration of studies 
of not longer than four years (not including 
research for a Master's degree or a doctorate) | 
and an increased permeability between differen 
educational channels at specific levels. The 
new state and federal university bills contain 
an appeal to scientific societies, employer 
associations and labour unions to contribute 
within their own fields of competence to this 
reorganization, Furthermore, university faculty 
members as well as students were urged to ce 
ate national advisory committees in the Leachate 
disciplines, As regards chemistry, the Reson’. 
to the appeal came from the combined efforts © 
the German Chemical Society, the Bunsengesell- 
Schaft for Physical Chemistry and the Dechema, 
Which resulted in a set of recommendations for 
changing the structure of chemistry curricula 
at tertiary level(1971). Likewise a nation- 
wide committee to improve chemistry curricula 
was set up for the first time in 1973, with 
most universities, teacher training institu- 
tions, and Schools of chemical engineering 
represented, 

Following the decision of the Joint Com- 


mittee for Educational Planning and the Plan- 
ning Committee for Uni 


of the Confere 
Education, 


the participating institutio 
colleges), and of inn 
istries of Education an da 
rent projects are the CT 
teacher education ate 
iversity teaching metho ce 


i 
dent counselling and gv pural 
Service. Chemistry and, more generally, 


or 
Sciences benefit from these initiatives: F 


r 
example, new study courses in chemistry = 
being organized in Ulm-Eastern Wtirttembe 


and a new Institute of Inorganic Chemistry has 
been built at the University of Karlsruhe. A 
new Bavarian National Institute for Research 
into Higher Education has also been established. 

Reverting to the work of the Joint Commit- 
tee for Educational Planning, general nation- 
wide planning has involved many important and 
often controversial problems, such as the re- 
lationships between the Federation and the 
Länder, the participation of the universities 
in the process of planning, the internal struc- 
ture, organization and diversification of 
higher education, the reform of the decision- 
Making process within the university, the 
teacher-student ratio, the numerical relation- 
Ship between full professors and assistant 
Professors, 

The complexity of the problems and the fact 
that cooperative planning within the framework 
of a federal state was a new experience are 
factors favouring eventual changes toward a 
System of central planning and decision-making, 
There is a danger that, if cooperative planning 
fails, the educational system will become less 
flexible and less subject to diversification. 
Another negative factor is that political com- 
Promises involve considerable delays, 

The existence of such dangers underline 
the progress made by the individual Lander, 
as a result of adopting concrete and empirical 
approaches instead of engaging in fruitless 
theoretical discussion based on different pol- 
itical ideologies, 

The current developments in the Federal 
Republic are noteworthy because similar con- 
ditions and problems may also be found in sev- 
eral other countries. Great benefit can be de- 
rived from a careful and detailed observation 
of the Federal Republic's experience, 

Further examples of mechanisms and approa- 
ches for reforming higher education have re- 
cently been reported from Norway (28) and 
Sweden, (29) 

It should be noted that there is an encour- 
aging wealth of initiatives throughout the 
world to improve chemical education. Too often, 
although not always, as clearly indicated in 
the case of the Federal Republic, reports have 
Stressed the merits of the changes and have 
failed to provide a description of the internal 
mechanism for changes, There are probably more 
difficulties in the way problems are approached 
than would appear. It would be helpful to com- 
pare precisely mechanisms for changes in order 
to work out useful suggestions, The present 
writer has appreciated the frank comments by 
Prof. Ramakrishma (6) on the inadequacy and 
obsolescence of the paternalistic structure 
and organization of the universities (in India), 

The dramatic ‘immobilism' and the substan- 
tial lack of know-how described by the author 
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elsewhere (5) in the Italian educational sys- 
tem is another example to bear in mind. The 
Italian educational system is too rigid at all 
levels and the need for autonomy is especially 
felt at the universities, Furthermore, the 
country's ability to carry out the appropriate 
changes is limited because educational reforms 
have increasingly become a subject of political 
deals between parties and do not rely on any of 
the outstanding approaches recorded in this 
paper. Chemical education in Italy is obviously 
affected by the present situation, Besides the 
results of the IAEEA-CNR survey mentioned ear- 
lier, it may be noted that Italian universities 
still do not grant any postgraduate degrees for 
use in both academic and industrial research 
careers, although a committee of professors of 
chemistry has long pleaded for them. (5) 

We may note, however,that in a completely 
different system, in the U.S.A., radical chan- 
ges, such as the Hammond-type curricula, (5) 
although considered desirable by many, are not 
numerous.(30, 31) These basic changes in cur- 
ricula have been fully introduced at some Uni- 
ted States institutions (e.g. State University 
of New York at Albany) and partially at others, 

It would seem that innovations tend to be 
known and/or used by just a few enthusiasts. 

In order to encourage improvements in univer- 
sity chemical education, an interesting ini- 
tiative has recently been undertaken in the 
United Kingdom by a group of six universities. 
This is the Chemistry Higher Education Learning 
Project (HELP-C) which is financed by the Nuf- 
field Foundation.(32) The basic idea is to 
develop systematic cooperation between several 
departments in order to work out and test in- 
novations in each of them. This cooperation is 
believed to have a strong impact on the edu- 
cational trends of other universities, which 
may be encouraged to try similar experiments, 
Some of the main objectives of the project 
include the identification of a core chem- 
istry and the related core Syllabuses, a 
detailed analysis of the aims of laboratory 
work and the related suggestions and testing 
of innovations, and, finally, the search for 
teaching/learning methods and materials to 
develop the general attributes a good chemist 
is supposed to possess (i.e. to communicate 
chemistry in writing and orally, to define 
problems and attempt solutions in a logical 
manner, to cooperate with others in a team 

to approach new ideas critically, to make ‘ 
judgements). 

The creation of new 


cation (for example 
Netherlands). 
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ical Education at universities and the start 
of systematic research in the field, marked 
the birth of chemical education as a science 
and of a powerful tool for its improvement 
(United Kingdom). 

Finally, mention may be made of the Open 
University (United Kingdom) as a source of 
innovations and improvements. (33) 

An appropriate description of the role and 
scope of this institution deserves separate 
treatment and is not attempted here. It should, 
however, be emphasized that the Open University, 
through a comprehensive view of the whole of 
science, the compilation of specially written 
texts for the science foundation course (five 
of which directly concern chemistry) as a 
result of a team effort, the accurately form- 
ulated self-assessment questions, to mention 
but a few of its special features, is bound 
to have an influence on teaching in other 
institutions. 


CONCLUSION 


Both non-governmental and governmental pro- 
cedures make important contributions to the 
improvement of chemical education, depending 
on the structural background of each country, 
The former allow a greater freedom of choice 
for experimentation at each individual insti- 
tution, the implementation of the projects 
depending on the validity of the proposed 
changes, The latter tend to concern the entire 
student population and, therefore, should be 
subject to a most careful planning and continu- 
ous testing of educational results at the na- 
tional level to ensure that the reforms are 
beneficial, 

In most countries the schools and the uni- 
versities are controlled by the government 
authorities to varying degrees, In general 
there must be a compromise between the need 
of a given educational institution for auton- 
omy and the government requirements, the uni- 
versities being usually more autonomous than 
Schools, 

When the influence of the law on the edu- 
cational system is Strong, improvements in 
sae education depend on it a great deal, 
ier ga that the law should have the 
+66 detailed. a aa rather than being 

ontain provisions to 
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insure sufficient flexibility for educational 
experiments and for the diversification of 
approaches to be possible. Ministries of Edu- 
cation should be organized in such a way as 
to be sensitive to the changing needs of in- 
stitutions and teachers, 

Whether the educational system is state- 
controlled or not, the role of the scientists 


in the improvement of chemical education at all 
levels has been widely recognized. F, Halli- 
well's words (3) should be recalled in this 
connexion: '.... it is important that there is 
a very close bond between three parties: the 
top scientists of the country and of the world, 
those who are concerned with teaching in 
schools, and those who administer and examine. 
Unless there is this three body collision «.- 
many of our efforts will be in vain’. We may 
add that the expression ‘administer and exam- 
ine' should be taken in its broadest political 
and social sense and that the involvement of 
the scientists (and the teachers) should apply 
at all stages of a process of reform. 

Several types of action have been used to 
stimulate improvements in chemical education. 
They include the determination of reform pro- 
jects through the work of qualified committees, 
the collection of data through national as well 
as international surveys, the creation of cen- 
tres for the training of teachers, of summer 
schools and workshops, cooperative efforts 
among institutions or even countries, the con- 
sultative contribution of international organ- 
izations or foreign professional organizations: 
In many cases the chemical societies have 
played an essential role in the field by stim- 
ulating changes in the educational systems, bY 
their concern with standards of quality and bY 


pore as consulting bodies to government 86€- 
cles, 


In the present writer's opinion, there 15 


no Single answer to the solution of the com- 
plex problems connected with the improvement 
of chemical education, Many, if not all, of 
the types of action recorded in this paper 
should, wherever possible, be utilized. Crit- 
ical reports on the mechanisms adopted in each 
country and their effectiveness should be &?7 
couraged and made available from time to time 
for the benefit of the country itself and = 
other countries, One country's educational 
system is not a purely internal affair but» 
rather, is of concern to all, 


TIONS (3h) 


of qualified committees, the preparation 
of surveys, the creation of centres z 
the training of teachers, the suppor” 5 
chemical societies, cooperative effor 


3. 


5. 


among institutions, the helpful response 
of educational agencies, etc.) 

There should be a link between scientists, 
educators, and administrators to foster 
greater cooperation and understanding be- 
tween these groups. 

Since mechanisms for changes are expected 
to be fundamentally similar in all exper- 
imental sciences, combined contributions 
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He 


from experts of the various branches of 
science should be encouraged, 

The collection and dissemination of factual 
information on national efforts to improve 
chemical education (including pedagogical 
studies and studies of language barrier 
problems) should be provided through the 
aid of international bodies and taken into 
account by the responsible educational 
agencies in each country. 
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INTRODUCTION 


Pure science* is one area of human endeavour 
which recognizes no national boundaries, The 
ideal gas law and the laws of thermodynamics 
cannot be modified, amended, 
legislative body in any land, 
and always has been, international 


mal system of 
culture. Suc- 
t be closely 
ultural herit- 


Science education occupied a fortunate 
position - a position which makes it well sui- 
ted to serve as a bridge between nations and 
cultures. The Science component of science 
education is firmly rooted in the internation- 
al laws of the basic discipline; be it physics, 


» ideas, and 
deserts, and 


ach the minds o 
that it serves, 


and their person 


S small activatea 
which real internation- 
could Spread, 


es of the 
ected to- 
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wards training the students to serve the long- 
range needs of the society in which they live. 
The general charge to the educational system 
is fairly well defined, Methods of meeting the 
challenge generated by such a charge differ 
widely and shape the form of projects for in- 
ternational cooperation in chemical education. 


CHEMICAL EDUCATION AND CULTURE 


Political constraints on international cooper- 


ation in the area of chemical education do not 
usually pose a serious 
verse is true 


The educatio 
the political 
the community, 
and expectatio; 
Africa, 
from those of a 
equipped urban 
Europe. T 

these di 


in Asia, differ markedlY 
Student in a modern, well- 
igh school in Continental 
educational approach must pee 
erences in culture. Of even Pee 
long-range importance is the fact that f tne 
technical problems facing the society © 


ject 


e 507 
* Pure science is differentiated from eesons 
cology of science in which men and n 


compete for honour and credit, 


native tribesman or the farmer stand in sharp 
contrast to those facing the young citizen of 
a highly industrialized nation. The chemistry 
of nitrogen may be important to all, but ata 
different level. In one case control of air 
Pollution may be the technical goal; in the 
other, control of soil nitrogen may be the 
important challenge. The basic laws of science 
are the same, 
make contact with the student's life is dif- 
ferent, Directing the student's interest to- 
ward the place 
Society is a strictly local challenge, 


in teaching are 
familiar to the 


the Tejon Pass might be quite effective in 
Michigan or California, but both would fall 
flat in Brazil. On the other hand, a reference 
to the soccer player Pele would excite the 

but not his U.S, counterpart, Un- 
fortunately references which excite both the 
Brazilian and the Californian are very limited, 
and are restricted even more by language bar- 
riers, While translation helps the language 
Problem it is not always the ideal answer, 
Languages differ in detail and in structure 

to such a degree that fine points of meaning 
are often lost in translation. 

Even within a single nation where language 
barriers are at a minimum, backgrounds and ex- 
periences of entering students may differ so 
widely that programmes do not transfer easily 
without modification. This fact has been noted 
in the schools of the United States where cul- 
tural differences between inner city, suburban, 
and rural students have posed serious educa- 


science, 

Let me illustrate this point. A limited 
number of nmr spectroscopists doing basic re- 
Search is essential to the growth of science. 

In the best of all possible worlds, such men 
Would be allowed to grow and develop ina 
Properly equipped research centre where vig- 
Crous and productive interaction with col- 
leagues is a way of life. Students’ training 

Such a laboratory would naturally centre 

on the use of highly sophisticated and very 
expensive research equipment, The training 
would frequently tend to be rather narrow but 
Would be well suited to those intending to 
remain in a major research centre with adequate 
“quipment although disastrous for students des- 
tined to return to a more primitive industrial 
ackground where sophisticated research tools 


students from developing countries be 
off if instead of Sending them abroad 
the educational programme were transferred to 
their native land?! 
question let us examine in more detail the 

procedures used for carrying a successful pro- 
gramme from one country to 
been done for secondary school programmes, 
university-level programmes, 
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and significant professional contact are not 
always available. The mentor in the research 
centre may get the Nobel prize, but for the 
students frustration and unhappiness frequently 
result, Even worse, significant technical prob- 
lems go unsolved in their native land. Unless 
the training programme develops a broad base 

in science from which a realistic start on 
local problems can be made under difficult 
conditions, the education programme has done 
little to meet the problem of the students’ 
countries, By the same token, the Programme has 
done little to provide the student with real 
personal satisfaction. Real questions relative 
to the value of such training have been raised 
in many forms, Are existing Ph.D. programmes 
training the mind in logical, orderly thought 
Processes so that the degree holder can suc- 
cessfully solve problems which are far removed 
from his Ph.D. activity? Extensive eriticism 

of the educational system has been voiced (1) 
on this issue when many technically trained 
people have not been able to meet the problems 
The question is particularly 
important for students who Plan to return to a 


less well developed technological environment, 
but the arguments have been raised in highly 

industrialized nations, 
doubts that we are even 
ance in our training programme, 


I have very serious 
near optimum perform- 
One might now raise the question, "Would 
better 
to study, 


To gain insight on this 


another, This has 


and even graduate 


school programmes. Various mechanisms have been 


developed; some involve exchange of personnel, 


some involve exchange of materials and texts 
only, some involve both, Information reaching 


the IUPAC Committee on the Teaching of Chem- 


istry indicates that the most Successful of 
these transfer programmes are those in which 
an able teacher or group of teachers in the 
host country makes a real effort to adapt an 
imported programme to the particular culture 
of the host country. In such an adaptation 
examples and materials of the host Count, 
used. Exchenge of 
bination invelving the 
science programme with 
loeal insight of dedicated 
to beat, 


tween nations, provided that Provision is made 


to put in those local cul 
are basic to the educatio 
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The transfer of graduate programmes pro- 
vides additional points for concern, In sev- 
eral cases, Ph.D. training programmes in less 
industrialized countries have been established 
through cooperation with an outside country or 
agency. In general, the training programme has 
generated Ph.D. chemists of skill and compe- 
tence. In this sense, such training programmes 
are successful. The young scholars are trained 
in the best tradition of the industrialized 
country, using a pre-tested successful curric- 
ulum, The problem starts after graduation. 
Reports given to the IUPAC Committee on the 
Teaching of Chemistry indicate that most of 
these new Ph.D.chemists could find no jobs 
when they completed their work. Their new- 
found technical skills could not contribute 
in any positive way to their society despite 
serious technical problems in their homeland. 
Many were employed operating streetcars or 

machines. There was no contact between the 
educational system of the country and its 
areas of severe technical difficulty. The edu- 
cational job was incomplete and many questions 
have been raised. Is the Ph.D. programme trans- 
ferred to the non-industrialized country worth- 
while? Do the Ph.D. recipients gain enough in 
intellectual achievement to justify the pro- 
gramme? Are the possibilities of dramatic suc- 
cess for one or two men worth the price of the 
programme? Is this brand of international co- 
operation worthwhile? Although others are less 
pessimistic, the present writer feels that 
these are very real questions which are truly 
fundamental to any evaluation of international 
cooperation in chemical education, 

In the opinion of the author, cooperative 
programmes to give advanced chemical training 
to selected students in developing countries 
are very much worthwhile, but they are incom- 
plete, Some adaptation of training programmes 
to recognize economic reality would seem to 
be important, The student needs assistance in 
identifying areas where he can serve, Perhaps 
a series of industrial internships, if care- 
fully planned, would help to complete the 
training programme, The student should also 
be given help in adjusting to the problems of 
science under non-ideal conditions. In some 
cases, education of political leaders in the 
areas of technical concern may be the most 
gains first step in providing opportunities 
or graduate chemists, Though we are getti 
close to politics, it is clear that E 
proper utilization of the 
cannot benefit from a a e 
out some real benefits to the citizen Fa th- 
bers of s Tew mem- 

society will judge the educatio 1 
programme to be successful, Since ed z 
systems are ultimatel z eouce ional 

y dependent upon tax re- 


venues for long-term support and upon cultural 
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patterns for general guidance, no programme in 
science education can afford the luxury of neg- 
lecting the views and opinions of those who are 
served, This is not to say that individual pro- 
grammes must be subjected to detailed political 
evaluation at frequent intervals. Indeed, this 
could be quite disastrous to a developing edu- 
cational system, The art of detailed programme 
evaluation is still not refined and methods for 
obtaining feedback are still far from satisfac- 
tory. Still, those responsible for programmes 
in chemical education must not close their eyes 
to those obvious flaws which are certain to 
have political impact. 

In summary, it is now quite clear that the 
teaching of chemistry is an area where it is 
realistic to expect vigorous international 
cooperation. A number of significant cooper- 
ative programmes have already been started. 

The data accumulated so far indicate that true 
cooperation, with proper modeling of the pro- 
gramme to fit the cultural and economic pat- 
terns of the host country, is essential if 
maximum benefits are to be obtained. 

In the next section more detailed informa- 
tion on specific cooperative activities will 
be presented, In the final section some pos- 
sible new directions of international cooper- 
ation will be outlined. 


A REVIEW OF COOPERATIVE INTERNATIONAL 
PROGRAMMES 


This report summarizes cooperative projects 
for which information was available to the 
author in September 1973. The topic of coop- 
eration can be subdivided in many ways. The 
Scheme used in this report utilizes basically 
the level of industrial development of the 
cooperating nations or institutions. 


Collaboration between two or more developed 
nations 


Such collaboration is always easiest when the 
nations share a common language and similar 
political systems, but in recent years a sur- 
prisingly large amount of cooperative effort 
has surmounted language and political barriers? 
Rather general and somewhat informal programme? 
exist between English-speaking nations such 2° 
the United Kingdom, the United States, and 
Canada. Interchange of lecturers and visitor® 
at the research (graduate) level as well 32$ 
interchange of information on undergraduaté 
programmes is common, Many cooperative rese? 
programmes have been set up through agencie’ al 
such as National Science Foundation or Nation 
Research Council of Canada or organizations 


roh 


such as the Royal Society in the United King- 
dom. A typical programme involves one laborat- 
ory in each country and permits extended ex- 
change visits of both staff and graduate stu- 
dents for work on collaborative projects. Some 
private scholarships such as the Rhodes schol- 
arships, the Robert Blair Fellowships (United 
Kingdom), the Athlone Fellowships (United King- 
dom), as well as government fellowships have 
provided some support for selected British 
chemists or chemistry students to study abroad, 
A number of government fellowships (Fullbright, 
Marshall, etc.) are available to chemists of 
the U.S.A. and a similar set is available to 
Canadians. 

An important organization providing coop- 
eration in chemical education in Europe is the 
newly formed Federation of European Chemical 
Societies. Through their committee on chemical 
education they have initiated a study of edu- 
cational degree requirements and programmes in 
European universities.(2) The goal is to pro- 
vide comparative information on programmes to 
be used in placement of students, or in the 
utilization of graduates on an international 
level, Many countries, both developed and de- 
veloping, have expressed a need for such in- 
formation. For many students the need arises 
even before the start of a career, As the 
world shrinks under the impact of jet planes 
and international corporations, an increasing 
number of secondary school students take their 
education in international or multi-national 
schools, Because such students are frequently 
faced with the problem of a transfer to a new 
school during their secondary school training 
or because the members of any given class may 
be preparing for many different universities 
in many lands, teachers of international 
schools felt the need for an internationally 
acceptable secondary school leaving qualifi- 
cation, based on a unified programme of stu- 
dies. Such a programme, called the Interna- 
tional Baccalaureate, has been established. 
Training in chemistry is a part of this pro- 
gramme; it has been described by J. J. Thomp- 
son, (3) 

Many countries have bilateral cultural 
agreements. For example, Poland has such ar- 
rangements with the Soviet Union, the German 
Democratic Republic, Czechoslovakia, Bulgaria, 
France, U.S.A., United Kingdom, Sweden, and 
Others, These arrangements permit exchange of 
Students, professors, and special technical 
information, In some cases a university in one 
Country may have a special working arrangement 
with a particular university in another. For 
example, the Technical University of Wroclaw 
(Poland) has such bilateral agreements with 
the University of Kiev (U.S.S.R.), the Tech- 
nical University of Grenoble (France), and the 
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State University of Oregon (U.S.A.). The Boris 
Kidric Institute in Yugoslavia has bilateral 
agreements with Yeshiva University and Ohio 
State University in the U.S.A, Similarly, 
Lehigh University in the U.S.A. has an agree- 
ment with Rudjer Boskovic Institute in Yugo- 
slavia. Between Hungary and Czechoslovakia 
there are good connexions in the postgraduate 
training of chemistry teachers, and the Scan- 
dinavian countries are closely linked with each 
other, They also have bilateral agreements with 
many nations, While many bilateral exchange 
agreements such as those mentioned above, and 
such as the agreements between the U.S.A. and 
France, Bulgaria and Italy, or the United King- 
dom and Japan, are directed toward cooperation 
in basic science, they have a direct and posi- 
tive impact on graduate education in chemistry. 

The foregoing summary represents only a 
small fraction of the current cooperative ac- 
tivities between developed nations, but it does 
indicate something of the type of activity in 
progress. Developed nations are frequent par- 
ticipants in international conferences, These 
are listed separately. 


Collaboration between a developed and 
a developing country 


Over the past 25 years many programmes involv- 
ing developing nations have been initiated, 
Several such programmes are outlined here. The 
Government of India has felt keenly the need 
for training its people in chemistry. Cooper- 
ative programmes with many nations have been 
carried out. About 1960, the National Science 
Foundation of the U.S, and the National Com- 
mittee on Science Education of India undertook 
a cooperative programme for the development of 
India's scientific base. At first the programme 
involved primarily summer institutes in which 
American scientists, paid by the National Sci- 
ence Foundation, conducted summer classes, In 
1969 an Indian-United States conference (4) 
held in Shrinagar and Bangalore, recommended 
additional development which included: (a) 
curriculum development at the college level, 
(b) integrated laboratory courses, (c) college 
development programmes with emphasis on devel- 
opment of individual colleges and improvement 
of their scientific leadership, (a) presenta- 
tion of national lectures on frontiers in sci- 
ence, (e) improvement of research support 
educational facilities and libraries, (£) the 
development of new teaching materials, and 

(g) provision of in-service training for peo- 
ple in all branches of chemistry. Some of these 
recommendations seem to have borne fruit. For 
example, national lectures on the frontiers of 
Science are held. Winter schools in solid state 
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chemistry have been held at an advanced level 
with professors from India, the U.S.A., and 
the United Kingdom participating. Proceedings 
have been published as books. Another recom- 
mendation suggested a programme to provide in- 
service training (adult education) to practis- 
ing chemists and teachers. In answer to this, 
American Chemical Society short courses in 
various branches of chemistry have been widely 
and effectively used, 

During the last five years (1968-1973) sum- 
mer institutes involving cooperation between 
India and the United Kingdom have been very 
effective. Such institutes have been held in 
the University of Poona with British consult- 
ants as co-tutors alongside Indian university 
staff. Initially these institutes were concern- 
ed with an appraisal of the British Nuffield 
O-level chemistry programme, but in recent 
years the emphasis has been on Nuffield A-level 
chemistry (secondary schools). In every case, 
however, the participants, who have numbered 
about 40 and who have been recruited on an all- 
India basis, have studied the Nuffield Schemes 
(British) in relation to Indian conditions, 

A number of additional cooperative program- 
mes between the United Kingdom and developing 
countries are in operation. Some of these ex- 
change programmes are coordinated by the Royal 
Society, London; others are administered and 
guided by the British Council, the Centre for 
Educational Development Overseas, and the 
Inter-university Council. These various organ- 
izations may provide specialists or consultants 
for short- or long-term visits, or they may 
supply books and materials; in some cases they 
finance visits to the United Kingdom for selec- 
ted teachers to attend specific courses, Be- 
sides the work in India already mentioned, spe- 
cial projects exist in East Africa, Malaysia 
and Nigeria. In East Africa the initiative for 
the programme came from Uganda and Tanzania, 
largely through the enthusiasm of expatriate 
chemists working in the Faculties of Education 
of Makerene College, Kampala, and University 
College, Dar-es-Salam, In Malaysia the initia- 
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recent years a few African students have been 
accommodated. More than 300 students from 
Malaysia are admitted each year to New Zealand 
secondary schools and are provided with free 
tuition and books, They pay their own living 
and travel expenses, Smaller numbers come from 
Samoa, Tonga, Baratonga, Fiji, Singapore, and 
related areas, 

At the university level, both Australia 
and New Zealand offer opportunities for train- 
ing in chemistry through the Colombo Plan. (6) 
Students are provided with travel and living 
expenses as well as with their tuition and 
books. They are met by officials to facilitate 
their introduction into Australia. This is a 
large programme involving more than 1,200 stu- 
dents in Australia alone, It is significant, 
however, that in 1971, less than four-tenths 
of one per cent of these students sought aca- 
demic training in chemistry. This represents 
a significant decline from five years earlier. 
The statistics reflect, in part, changing gov- 
ernment interests since the recipient govern- 
ments determine their own needs and priorities 
and select candidates for training abroad. 
Fellowship-holders are expected to return to 
their homeland, While interest in pure science 
has been falling, interest has remained high 
in administration, civil engineering, agricul- 
ture, and animal husbandry. 

In addition to its Colombo plan participa- 
tion, the University of Canterbury in New Zea- 
land has special links with the recently estab- 
lished University of the South Pacific in Fiji» 
which provide opportunities for consultation 
over courses and examinations, Staff inter- 
change is contemplated, 

In 1968 a joint U.S.A.-Brazil chemistry 
study group composed of senior Brazilian and 
United States chemists was established to in- 
vestigate ways and means of creating Brazilian 
self-sufficiency in advanced fields of chemical 
research and teaching. The programme sponsored 
by the United States National Academy of Scien- 
ces and the Brazilian Research Council ‘(conse 
ho Nacional de Pesquisas, CNPq) has as its 6022 
the development of centres of excellence in key 
areas of chemistry in two major Brazilian wni- 
versities (the Federal University at Rio, and 
the University of Sad Paulo).(7, 8) The pro- 
gramme has involved annual or semi-annual 
visits to the Brazilian campuses by eight pre 
fessors from the U.S.A, selected by the Brazil- 
ians, Furthermore, a cooperative research and 
teaching programme, supervised jointly by PO” 
fessors from the two countries is in operatio”. 
Each research project has one or more United 
States post-doctoral students who go to Brazil 
for a minimum of two years to do research, ©? 
duct seminars, and teach, The cost of the PFO 
gramme is shared by the United States and 


Brazilian governments and by two petroleum com- 
panies. A review of this programme by the joint 
chemistry study group (8) (Rio de Janeiro, 
November 23-24, 1972) concluded that the over- 
all programme has been successful in proceeding 
toward its objectives, but much remains to be 
done, It was recommended that the programme be 
extended for two years beyond the original 
termination date of October 1974. 

Cooperative programmes have also been es- 
tablished between CNPq and the Canadian Research 
Couneil and the government of the Federal Repub- 
lic of Germany. Chemistry and other disciplines 
are included in these programmes which provide 
for an exchange of scientists and graduate stu- 
dents, 

Some of the first cooperative programmes 
in the teaching of chemistry in Argentina were 
initiated by the U.S.-based Rockefeller and 
Ford Foundations in collaboration with the 
Argentine National Research Council. These 
foundations still subsidize the activities of 
the National Institute for the Teaching of 
Chemistry in Argentina. 


Collaboration between two developing nations 


As soon as the problems of science and the 
problems associated with science administration 
began to come into focus in a given developing 
country, perceptive men saw the need for col- 
laborative efforts with their colleagues in 
adjoining lands, In many cases this collabor- 
ation has survived strained political relation- 
ships. Conferences on chemical education in- 
volving the nations of South and Central Ameri- 
ca have been held, Similarly, conferences and 
direct staff collaboration have provided ties 
between chemists of Kenya, Tanzania and Uganda. 


Collaboration promoted by international 
organizations 


The largest international programme in chemical 
education is that administered by the United 
Nations through divisions such as the United 
Nations Educational Scientific and Cultural 
Organization (Unesco) and the United Nations 
Development Project (UNDP). 

The Division of Science Teaching of Unesco 
Set up a number of cooperative projects in non- 
industrialized nations to develop science edu- 
cation at all levels, from introductory science 
to the Ph.D. Experts in the discipline (chem- 
istry for purposes of this paper) work with 
local scientists and educators in programme 
development. Such experts stay for periods 
ranging from a few weeks to a few years. If 
language barriers are to be overcome, longer 
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stays are preferable. Such programmes are of 
great help in bringing advancing science and 
technology to otherwise isolated areas. In 
such programmes, provision is made for both 
scientists and students from the area to 
travel to other nations to observe and parti- 
cipate in on-going programmes of research and 
teaching. One such project is found in Salva- 
dor, Bahia, Brazil; another was in Brazilia, 
Brazil. 

One of the earlier projects directed to- 
ward development of teaching programmes in 
one geographical area was the Unesco pilot 
project for teaching chemistry in Asia, which 
was started in Bangkok in 1965. The project 
was phased out in 1971 with the intention of 
extending the accumulated results to other 
areas of the world.(9) The goal was to demon- 
strate the possibility of generating new me- 
thods and materials for science education 
within the context of developing countries. 
Study groups were formed in most of the par- 
ticipating Asian countries and resource ma- 
terial such as journals, books and special 
items developed in Bangkok were sent to them, 
Frequent staff exchanges also facilitated com- 
munication. In general, the project made a 
major contribution to the teaching of chemis- 
try in Asia. An evaluation report is avail- 
able.(9) Continued interest of chemistry tea- 
chers in South-East Asia is being maintained 
through the efforts of many people. 

In May of 1971, the Division of Science 
Teaching of Unesco, conducted a review of its 
activities on behalf of science teaching. The 
following major activities were listed: (10) 

1. The publication of New Trends 

2. Other publications such as bibliographies, 
surveys, etc. See, for example, the Survey 
level (11) 

3. Meetings of various types to disseminate 
and exchange information on chemical edu- 
cation improvement 

4, Direct communication through visits of 
staff and Unesco experts 

5. Promotion of research on chemical educa- 
tion, including stimulation and support 
of innovations in design and testing of 
new methods and materials. For example, 
the Unesco Field Science Office for Latin 
America organized a seminar on the teach- 
ing of chemistry in Montevideo, Uruguay 

6. Advisory and consultative services to 
member states. The Bangkok Project (9) 
is one example, but not the on 
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Project (UNDP) and the Government of the Arab 
Republic of Egypt was initiated to establish 

a Science Centre for the Advancement of Post- 
graduate Studies at the University of Alexan- 
dria. The Centre is being equipped with a cen- 
tral library, research facilities, and essen- 
tial office services. At present, experts from 
the U.S.S.R., Poland, Hungary, and India are 
collaborating with Egyptian professors in set- 
ting up the research programme, One of the 
goals of this programme is to reduce the need 
to send students abroad for the Ph.D. It is 
hoped that study in Egypt can help to focus 
the student's attention upon local technical 
problems, 

The International Union of Pure and Applied 
Chemistry has been interested in many of the 
facets of chemical education for many years 
(i.e. nomenclature, atomic weights, etc.), but 
it did not formalize its general interest in 
chemical education until the first committee 
on the teaching of chemistry was organized in 
1964. Since that time the committee on teach- 
ing has been involved in a sizeable number of 
(disparate) activities. Since the committee 
has a very small budget it must, of necessity, 
serve as an information centre rather than as 
an operating unit for extensive programmes, 
Most of the activities of IUPAC in the chem- 
ical education area are listed in the special 
section devoted to conferences and reports, A 
few additional activities should be mentioned 
here. A subcommittee of the IUPAC Teaching 
Committee is working with other interested 
groups to formulate simplified nomenclature 
rules, The committee urges the adoption of 
such rules by textbook writers in all coun- 
tries. In view of the important role Played 
by textbooks in chemical education, some ef- 
fort has been made to provide information on 
available texts, etc. A display of United 
States texts in chemistry was held in con- 
nexion with the meeting of national represen- 
tatives to IUPAC in Washington in 1971. Follow- 
ing the meeting, a survey was conducted to 
determine types of textbooks, sources of text- 
books, and ways in which textbooks are selected 
and used in various countries, A summary has 
been prepared and can be provided on request 
to the IUPAC Secretariat in Oxford, A new 
IUPAC activity is a Newsletter on chemical 
education which is being published, 

The Organization of American States (OAS) 
has made possible many chemical education pro- 
grammes in the Americas, Several conferences 
listed elsewhere, have been Sponsored b ons 
In addition, OAS supported fellowships a a. 
istry in the University of Buenos Aires k em- 
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in one of four centres of excellence. These 
are: Institute of Chemistry of the Universities 
in Buenos Aires and in La Plata, Argentina; 
Polytechnical Institute and the National Uni- 
versity of Mexico, and the Institutes of Chem- 
istry of the Universities of Chile and of Sao 
Paulo, Brazil. 

Finally, in considering international act- 
ivities in the teaching of chemistry mention 
should be made of the International Council of 
Scientific Unions (ICSU) which encourages co- 


operation on all aspects of science teaching 
around the world. 


Conferences and reports 


Chemical education involves the transmission 
of ideas and information, Conferences and re- 
ports remain as one of the best available 
methods for transmitting such material, Many 
conferences on the international aspects of 
chemical education have been held and many 
reports on the subject have been prepared. 


Selected titles of conferences and reports 
are listed: 


Selected conferences 


(a) The role of examinations in determining 
chemistry curricula. The conference was held 
in Bangkok, Ceylon in 1968 with major Unesco 
Support and IUPAC participation, A report iS 
available, (1) 

(b) Latin-American semi 
held every two 
Organization of 


nars of chemistry are 
years and are supported by the 
American States, 


(c) An International Symposium on chemical 
education was held in Frascati, Italy, 16-19 
robai, 1369. This meeting was supported by 
and se 

is available.(1) other sponsors, A report 
(a) An International 
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(e) A very successful 
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São Paulo, 


International conferenc® 
on was jointly sponsored 
Brazil, by the University of 540° 
Paulo, the Brazilian Academy of Science, &® 
IUPAC. The conference was directed toward the 
educational problems of South America. It a 
held from 31 August to 4 September 1971. Ê 
report is available, (1) 


(f) An International conference on chemical 
education, jointly sponsored by the Polish 
Academy of Science, the University of Wroclaw, 
Unesco and IUPAC, was held in Wroclaw, Poland 
(1973). This was the first of a series of 
world-wide conferences on chemical education. 
Present plans indicate that such a meeting 
will be held once every four years under the 
auspices of Unesco. 


(g) The first Inter-American conference on the 
teaching of chemistry was held in Buenos Aires 
in 1965 under the sponsorship of OAS. A report 
is available. (13) 


(h) A conference on university teaching of 
chemistry for English-speaking African univer- 
sities was held in Nairobi in 1971. A report 
was published. 


Selected reports and papers 


(a) The in-service training of chemistry tea- 
chers, IUPAC Information Bulletin No. 31, March 
1968. As a result of this study the IUPAC Com- 
mittee was instrumental in getting the IUPAC 
Council to adopt the following resolution in 
1967: ‘in-service training for teachers should 
be introduced to provide for a minimum of four 
weeks, preferably three months, retraining 
every five years for all teachers of chemistry 
in all countries at the secondary or high 
School level.' Implementation of this resolu- 
tion remains as one of the major operating 
goals of the IUPAC Committee on the Teaching 
of Chemistry. 


(b) A group of four papers was prepared for 
the meeting of the IUPAC Committee and its 
national representatives in Washington in 1971. 
(14) These were directed toward the very im- 
Portant international problem of chemical 
training for the average, non-technically- 
oriented citizen, This area is emerging as 


one of the most important in all of science 
education. 


(e) A Survey of chemistry teaching at univer- 
Sity level was published by IUPAC and Unesco 


(1972). (11) This publication ably summarizes 
Some of the major points in university level 
chemical education in 22 different countries. 
Both problems and practices are considered. 


(a) For comments on the above report see 
William B, Cook, International Chemical Edu- 
Sation, J. Chem, Ed., 49, 661, 1972. 
(e) Every two years, a report edited by David 
Lockhard is Published under the auspices of 
the American Association for the Advancement 
of Science ang the Teaching Center of the Uni- 
versity of Maryland. (15) This report is a com- 
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prehensive compilation of available information 
on curriculum development projects throughout 
the world. It is strongly recommended. 


(f) A major report on science education 

in nineteen countries has just been prepared 
(1973) by L. C. Comber and J. P. Keeves (16) 
under the auspices of the International Asso- 
ciation for the Evaluation of Educational 
Achievement. It deals with evaluation in sci- 
ence teaching. 


SUGGESTIONS, PROPOSALS, AND PLANS FOR FUTURE 
INTERNATIONAL COOPERATION 


In discussions held by various international 
groups during recent years, a variety of act- 
ivities to promote international cooperation 
in chemical education have been outlined, In 
order to obtain value judgements and priority 
ratings for existing programmes and for new 
projects which have been suggested by chemical 
educators around the world, the following sug- 
gestions from many sources are outlined. 


Toward better international communication 


Many of the activities outlined earlier have 
been directed toward establishing communication 
between chemical educators. All of the standard 
techniques including conferences, reports, pub- 
lications in journals and a newsletter, have 
been utilized. In this connexion, Unesco en- 
visages a general meeting every four years, 

Regional meetings. In the interim between 
such world-wide meetings it is hoped that re- 
gional meetings will be organized by local 
authorities in collaboration with IUPAC and/or 
Unesco to consider specific problems and de- 
velopments. 

Computerized mailing lists. It is clear 
that the system for contacting teachers on the 
working level is limited in its effectiveness, 
It has been suggested that a mailing list of 
representative chemical educators in each 
country should be compiled on computer tape 
or that systems of communication through well 
established channels such as journals, be de- 
veloped, 
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the creation of panels of consultants to as- 
sist in areas listed below have been made. 
The actual mode of operation of each panel 
would have to be dictated by the problems 
which it faced and the resources available 
to it. Some topics are indicated here. 

Panel on examination review. Since the ex- 
amination system is the one pressure point 
which always has great impact on the educa- 
tional operation, it has been suggested that 
an international panel be made available to 
review examination material provided volun- 
tarily to them by groups interested in receiv- 
ing such assistance. This topic was debated in 
the Washington meeting of national represen- 
tatives in 1971. 

Panel on the development and evaluation of 
educational structure at the university level. 
(17) Such a panel would provide advice on the 
organization set-up; academic terms, adminis- 
trative practices, etc., of a university. It 
would not be in a position to impose proce- 
dures or dictate solutions. 

Panel on equivalence of qualifications. 

In an earlier section it was noted that a real 
need had been felt for some standardization on 
a leaving qualification for secondary schools. 
This gave rise to the International Baccalau- 
reate, Some areas of the chemical community 
have also felt the need for standardization 
points in university chemical education.(2, 18) 
A European survey focusing on this point has 
been proposed by the Federation of European 
Chemical Societies. 

Panel on continuing education for chemists 
and chemistry teachers. Such a panel would pro- 
vide advice and assistance on the continuing 
education of all chemists including in-service 
training of teachers. It would be in a position 
to transmit the experiences of groups from 
around the world. 


Panel on educational techniques, methodol- 
ogy and equipment. The function of such a panel 
would be to provide advice in the much neglec- 
ted area of choosing techniques, materials, 
and equipment in close relation to the learn- 
ing objectives to be achieved, 


The creation of international chemical edu- 
cation centres. (18) 


A system involving a major centre with films, 
books, computers, consultants, etc., and re- 
gional centres tied to the major centre organ- 
izationally has been proposed, It is clear to 
all that problems of finance are far from being 
trivial here. A wonderful system is easy to 
contemplate, but almost impossible to finance. 


Significant reports 


A number of topics are of concern to chemists, 
but reliable information is limited, Prepar- 
ation of authoritative reports might well be 
appropriate. Suggested areas include: (a) util- 
ization of chemists at all levels; (b) the 
training and retraining of teachers (local 
reports including local problems and pressure 
points would be needed; large philosophical 
reports have been prepared already); (c) in- 
teractions with other disciplines in a search 
for areas of mutual concern; (d) technician 
training; (e) chemical education in Europe; 

(f£) chemical education in developing countries. 
This list is illustrative, not exhaustive. 
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SUMMARY 


International collaboration in the teachin; 
of chemistry exists at a very healthy level 
While some problems and pitfalls must be rec 
ognized, there has been substantial prouress. 
toward making chemistry a bridge between 
nations and cultures, Where problems have 
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appeared, the best efforts of chemists and 
government officials could minimize the impact 
of these problems on society. Such remedial 
action is strongly urged. International co°P7 


eration in chemical educati i 
t on t n com 
munication between educators, RRA 


1. 
2. 
3. 


4 


10, 


International cooperation in the improvement of chemical education 


REFERENCES 


Pure appl. Chem., 1970, 22, No. 1 and 2. 
P. Farago. Private communication. 

J. J. Thompson. J. Chem, Ed., 1971, 48, 
679-681. 

(a) G. Hammond; U. Ramakrishna; C. N. R. 
Rao; M. Tamres. J. Chem. Ed., 1970, AT, 36. 
(b) A report of the activities of the 
NCSC, National Committee for Science Edu- 
cation (India) Panel in Chemistry (1969-71). 
(c) Chemistry-design for innovation, Pro- 
ceedings of conference held in Strinagar 
and Bangalore, June 1969. New Delhi, India: 
University Grants Commission, 1970. 

D. G. Chisman, Private communication. 

The Colombo Plan, Proposed international 
training courses, 1973-74. Canberra: Aus- 
tralian Government Publishing Service, 
1973. 

we Copeland, Brazil-U.S. cooperative 
program of graduate teaching and research 
in chemistry, Annual report, National 
Academy of Sciences - National Research 
Council - Division Chem, and Chem. Tech., 
1969-70, p. 25. 

Progress report: Brazil-U.S. chemistry 
program, National Academy of Sciences, 
1973, April 3. 

Final report and evaluation of the Unesco 
Pilot Project for chemistry teaching in 
Asia. Paris: Unesco, 1972. 

Minutes of meeting to review Unesco role 
in the improvement of chemistry education, 
Paris: Unesco, 1971. 


11. 


15. 


16. 


17. 


Survey of chemistry teaching at the univer- 
sity level, International Union of Pure 
and Applied Chemistry, 
of chemistry, 1972. 
Report of the Snowmass conference on chem- 
ical education, J. Chem. Ed., 1971, 48, 2. 
Primera conferencia interamericana sobre 
la enseñanza de la quimica, Buenos Aires, 
Argentina, 14-19 Junio de 1965. Washington 
D.C.: Departamento de Asuntos Cientificos, 
Union Panamericana, 1967. 
(a) W. B. Cook. J. Chem, Ed., 1972, 49, 
(b) We B. Cook. J. Chem. Ed., 1972, 49, 
(c) D. G. Chisman; R. S. Nyholm. ibid., 
1972, 49, 321. 
(a) C. N. R. Rao. ibid., 1972, 49, 321. 
J. David Lockard. Eighth report of the 
International Clearinghouse on Science 
and Mathematics Curricular Developments, 
University of Maryland, College Park, Md.: 
Science Teaching Center, 1972. 
L. C. Comber; John P., Keeves. Science edu- 
cation in nineteen countries. International 
Association for the Evaluation of Educa- 
tional Achievement. Stockholm: Almovist 
and Wiksell, 26 Gamia Brogatan, Box 62, 
S-101, 20 Stockholm 1, Sweden, 1973. 
F. Illuminati, National representative 
from Italy, IUPAC Committee on the Teach- 
ing of Chemistry, private communication. 
Minutes of meeting of IUPAC Committee on 
the Teaching of Chemistry and its national 
representatives, Washington, D.C., 1971. 


315. 
316. 


LEN 


Committee on teaching 


1. Recommendations 


As explained in the Preface, the chee aoa 
chapters on different trends and problems 
chemistry education served, in draft form, as 
a basis of discussion for 13 working groups 
at the International Congress on the Improve- 
ment of Chemistry Education in Wroclaw, Poland, 
in September 1973. These same working groups 
were charged with formulating recommendations 
for action to be taken in the light of the 
existing trends and problems, Some of the au- 
thors of the trend papers have incorporated 
in the final versions certain of these recom- 
mendations. 

In addition to this, at the Congress it- 
self, all action recommendations from all work- 
ing groups were assembled in draft form for 
review and discussion at the final plenary ses- 
sion, No formal votes were taken on the exact 
wording of any or all of the recommendations, 
However, all participants in the Congress were 
given an opportunity to make any comments or 
Suggestions they wished and an effort has been 
made by the Rapporteur to accommodate the es- 
Sence of such interventions in putting the 
recommendations in their final form as below, 
The recommendations are grouped first of all 
according to the audiences for which they are 
intended (international organizations and agen- 
cies, national groups and organizations, and 
individual institutions and universities) and 
Secondly according to the type of action to be 
taken (survey, publications, design and testing 
of new methods and materials, research, etc.) 
Throughout the set of recommendations, wherever 
the problem or phenomenon involved is not 
unique to chemistry education but applies in 
Some way to other areas of science education 

the learning process, trends in student char- 
acteristics, etc,), it is to be understood that 
the participants in the Congress recommended to 
their fellow chemistry educators around the 
world that action should be undertaken in con- 
cert with Colleagues in other scientific dis- 
Ciplines, 


a 


(a) 


(b) 


(c) 


2. 
(a) 


(b) 


(e) 


(a) 


(e) A 


INTERNATIONAL ORGANIZATIONS AND AGENCIES 


Structures for international exchange of 
ideas and information 

Efforts should be made to strengthen the 
links among all groups active in the im- 
provement of chemistry education in order 
to form an effective international network 
for the acquisition and dissemination of 
relevant ideas and information. 

Unesco's Science and Technology Education 
Information Centre should increase its 


holdings, activities, and resources in the 
area of chemistry education, 


The IUPAC Committee on the Teaching of 
Chemistry should not only make increased 
use of its national representatives for 
purposes of information exchange but should 
also foster unofficial contacts with groups 
in other countries and with Unesco field 
experts in chemistry education, 


Surveys and studies 
In order to ascertain what Psychological 
generalizations may apply, a Study should 
be made of the instructional practices 
associated with the various major curricul- 
um projects in the area of 
pa hy chemistry edu- 
Data on those Student charact 

erstics t 
have greatest relevance to the eens 
process should be collected internation- 


f chemistry education 
es, 


Over 
to deter- 


ance, 


AA education at the ter- 
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tiary level in Europe should be under- 
taken. 

(f) On an international basis, comparable stat- 
istical data should be gathered on the out- 
put of chemists with varying amounts of 
university training, on the availability 
of industrial posts for chemists, and on 
the utilization of chemists at all levels. 

(g) For purposes of improved teaching, an ana- 
lysis should be made of the relations 
among chemical concepts and of the con- 
ceptual structure underlying chemical 
knowledge. 

(h) An analysis should be made of the applic- 
ability of knowledge and theories of edu- 
cational psychology to chemistry education 
at the different levels. 


3. Research 

(a) Experiments should be undertaken to deter- 
mine the effect upon the achievement of 
chemistry students of increased precision 
in the specification of learning objectives. 

(b) Encouragement should be given to multi- 
national experiments on the psychological 
aspects of the teaching and learning of 
chemistry. 

(c) Research should be continued on the rela- 
tionship between various nutritional fac- 
tors and brain functioning. 


4, Publications 

(a) The IUPAC Committee on the Teaching of 
Chemistry should implement its plan to 
issue regularly an international newslet- 
ter on chemistry education improvement, 

(b) To provide a forum for ideas on issues 
and problems of chemistry education which 
affect many countries, the feasibility of 
establishing an international journal of 
chemical education should be examined, 

(c) On a periodic basis, the most outstanding 
articles and other materials should be 
selected from the world literature on chem- 
istry education and the composite should 
be published as an anthology. 

(d) For purposes of international reference, 

a publication should be issued which fully 
documents the procedures used by the va- 
rious major projects in their development 
ee curricula, teaching materials, 

(e) Articles on the trainin 


g and re 
chemistry teachers at a training o 


ll levels should be 
and Published, 


Pheromones 
cadian rhythms, and brai 
(g) Two years after the publ 


» Mosaics, cir- 
n chemistry) 
ication of these 


recommendations, a report should be pub- 
lished on progress in their implementation. 


5. Meetings and conferences 
(a) At intervals of approximately every four 


to five years, a congress of the type con- 
vened in Poland in September 1973 should 
be held for purposes of making an overall 
review of trends and problems in chemistry 
education (all forms, levels, and aspects) 
and of formulating a plan of international 
cooperative action for further improving 
chemistry education, 

(b) As follow-up of and/or as preparation for 
international congresses such as just men- 
tioned above, regional meetings should be 
convened to examine common problems and to 
Promote regional cooperation in their sol- 
ution, 

(c) Also as a follow-up of the periodic con- 
Sresses which examine all aspects of chem- 
istry education, meetings and symposia 
should be convened (regionally or inter- 
nationally) on specific topics which re- 
— more detailed and sustained atten- 

ion; two specific Suggestions of this 
type are: a workshop to help teachers 
understand better how to formulate the 
aims and objectives of chemistry courses 


and to translate su 
ch b 
Pil antic an oe aims into meaning 


(classroom, 


Design and evaluat 

materials and eae of new programmes, 
Recline oS. 
(a) Regional centre 
Centre for Educ 


of dissemi: 
sults regional] po lel 
(b) Competitive a ge internationally. 
internationally a 
experiments in t 


chemistry, 
(c) An international cent: 
technology in chemis 
be established for the dissemin t: f 
information, for the training of teachers 
and for the development of ipncnine mater- 


ials, especially in relati 
on ons 
in developing countries, ee 


re for educational 
try education should 


7. Advisory services 
To better enable international organiz- 


ations to respond to requests from coun- 
tries or individual institutions for ad- 
vice in specific aspects of chemistry edu- 
cation, lists should be prepared of ex- 
perts who are qualified to render advice 
in the following areas: 

(a) Testing and examination procedures, the 
content of examinations in relation to 
stated objectives, the selection of in- 
struments of assessment from among those 
currently available, and the development 
on new or improved instruments of assess- 
ment. 

(b) All aspects of the organization and admin- 
istration of chemistry education at the 
university level, including the develop- 
ment and evaluation of educational struc- 
tures compatible with objectives, resour- 
ces, and other relevant factors. 

(c) Correlation of academic qualifications 
and standards (e.g., the work of the Inter- 
national Baccalaureate and the plans of 
the Federation of European Chemical Socie- 
ties). 

(d) The selection and/or adaptation of educa- 
tional techniques and equipment in the 
light of objectives, resources, etc. 

(e) The continuing education of chemists and 
chemistry teachers. 


8. General 

(a) Exchange of students and teachers of chem- 
istry among nations should be fostered by 
whatever international or national means 
are available. 

(b) Unesco should examine ways of minimizing 
the problem of educational software such 
as films, slides, etc. 


B. NATIONAL GROUPS AND ORGANIZATIONS 


1. Structures for the improvement of 


chemistry education 

(a) In countries where they do not already 
exist, some national mechanism appropriate 
to the conditions of the country (e.g. 
chemistry teachers' organization, or edu- 
cation committee of a chemical society) 
Should be established as a way of allowing 
all interested individuals to associate 
themselves with efforts (such as those 
which follow) to improve chemistry edu- 
cation, 

(b) Where they do not exist, national centres 
(usually attached to an educational insti- 
tution or ministry) should be established 
a peONIe an institutional framework for 

orts to improve chemistry education, 
such centres being encouraged also to pla: 
a role at the international le iki 
vel, 


2. 
(a) 


(b) 


(c) 


(a) 


3. 
(a) 


(b) 


(b) 


Recommendations 


Surveys and studies 
Studies should be made of the different 


methods of training and retraining, through 
universities and colleges of education, 
chemistry teachers for the various levels. 
The results of the use of satellites for 
chemistry education (for both students 

and the general public) should be studied. 
National lists should be prepared of in- 
dividuals active in the improvement of 
chemistry education, such lists to be used 
for both internal and international ex- 
change of ideas and information. 

National lists should be prepared, in 
appropriate languages, of books and artic- 
les on the improvement of chemistry edu- 
cation, 


Research and development 
Assessments should be made of the effect- 


iveness of new techniques in chemistry 
education (e.g. self-paced learning and 
open-ended laboratory instruction). 
Experiments should be undertaken on the 
use of educational technology in chemistry 
education (for both conventional courses 
and continuing education), perhaps within 
the framework of a national centre special- 
izing in this field, 


Publications 
Monographs should be published on new 


techniques and methods of teaching chem- 
istry. 


Meetings 

Workshops and courses for chemistry tea- 
chers should be organized, 

National groups should cooperate with their 
counterparts in other countries in the org- 
anization of regional meetings on general 
or specific aspects of chemistry education, 


General 
National groups should foster links be- 
tween chemists and professional educators 
in order to achieve greater cooperation 
and understanding between these two grou 
(e.g. educators could periodically be in 
init in the work of university chemist: 
epartments and scientists as well a ay 
ministrators could be involved in he ini 
development of curriculum projects) 4 
The general Subject of the mechanisms of 


change and innovati 

ation in c stry 

tion should be examined hemistry educa- 
(e.g. articles, 
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common problems (e.g. the training and 

retraining of teachers, the use of edu- 
cational technology, low-cost instruc- 

tional equipment). 

(d) National groups should urge those respon- 
sible for budgetary allocations to pro- 
vide funds for educational research and 
development (about 5 per cent of the oper- 
ating budget being a desirable figure) and 
the involvement of chemists in such re- 
search and development should be accorded 
a status equal to that of other profes- 
sional activities. 


Ce INDIVIDUAL INSTITUTIONS AND UNIVERSITIES 


1. Chemistry should play a significant part 
in general education and in education for 
citizenship and should not be just a dis- 
cipline for the instruction and training 
of chemists. 

2. Precise statements of the objectives of 
chemistry courses should be made, and 
these should include objectives beyond 
those specifically concerned with factual 
knowledge and its immediate applications; 
these objectives should be known to tea- 
chers and students, and the assessment 
should reflect the objectives, 

3. The chemistry curriculum at undergraduate 
level should consist of a ‘core’ course 
followed by a variety of "package' courses 
in (a) the chemical area, (b) scientific 
non-chemical areas, and (c) non-scientific 
areas from which a student can choose a 
mixture for his graduation requirements to 
suit his personal abilities, interests and 
intentions; the 'core' course should be 
not less than one year in duration, should 
be at the professional level, should be 
more integrated with respect to subject 
matter than traditional courses, and should 
be designed and presented by the most ef- 
fective and experienced teachers in a de- 
partment. 

4, Courses should be developed that are con- 
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5. 


10. 


11. 


12. 


13. 


cerned with the larger and broader issues 
of chemistry, including integrated courses 
illustrating the relationship between nat- 
ural sciences, technology, economics, the 
needs of society, and the social impli- 
cations of science, 
During the first two years of an under- 
graduate curriculum, 15-20 per cent of the 
time available should be devoted to non- 
scientific studies such as economics, 
socio-political studies, philosophy and 
literature, 
Chemistry students should spend a period 
of at least three months in industry 
during their university studies (after 
basic studies and before special options). 
The participation of undergraduate students 
in research programmes at an early stage 
should be encouraged. 
The possibilities of introducing univer- 
sity students to school teaching, under 
supervision, should be explored, 
The role that chemistry plays in industry 
should be clarified in order to inform 
students of the significance of industrial 
practices, 
The opinions of students and young profes- 
sionals about chemistry teaching and ca- 
reers in chemistry should be obtained as 
an essential feedback in designing courseS, 
E EE objectives should include spe- 
ans for inf 

behaviour of was manila 
Educational institutions should encourage 
the judicious use of new methods of teacher 
training, including various aspects of 
modern educational technology, in the tea- 
ag of chemistry, g 

e career structure of universi chemis- 
try teachers should give mean conearer 
ation to contributions to t a/or 
educational research and devetom t. 
Cooperation between industry ast aver 
or gen between universities should in- 
ms exchange of personnel, internation- 

y as well as within individual countries’ 


2.Members of working groups 


As indicated in the Preface and Recommenda- 
tions, the 13 chapters in this publication 
were put in final form by the respective au- 
thors after drafts of their papers had been 
discussed by 13 working groups at the Inter- 
national Congress on the Improvement of Chem- 
ical Education held in Poland in September 
1973. In all cases, the authors have indicated 
a desire to acknowledge the many valuable con- 
tributions made by the members of their res- 
pective working groups. For that purpose, the 
following list gives the names and national- 
ities of those who, in addition to the authors, 
were members of the various groups. 
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W. B. Cook, chairman (U.S.A.) 


A. W. Jeffrey (United Kingdom) 
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. Odhiambo (Kenya) 
S. Shakshouki (Libya) 


Joru 


The evolution in the nature and structure 


~ Evolution in the paws 


of chemistry 
P. Sykes, chairman (United Kingdom) 
S. Bank (U.S.A.) 
B. Baranowski (Poland) 
J. Bruhn (Denmark) 


A. A. Caretto, jr., (U.S.A.) 
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G. Aylward, chairman (Australia) 
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R. Halasi (Yugoslavia) 
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M. Lafitte (France) 


T. M. Poole (United Kingdom) 
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H. Sastre (Argentina) 

M. Wrońska (Poland) 


Up-to-date and more precise learning 
objectives in chemistry 

A. Bielański, chairman (Poland) 

A. Bak (Denmark) 

S. Davies (Canada) 

L. Engels (Denmark) 

J. C. Griffith (Australia) 

M. Lasocki (Poland) 

H. A. Latreille (France) 


F. K. Mutscheller (Federal Republic of 
Germany) 


E. Szebenyi (Hungary) 


Better understanding of the psychological 


rocesses of leami: chemist: 


J. A. Campbell, chairman (U.S.A,) 
J. J. Christiansen (Denmark) 

A. Gorski (Poland) 

C. Husman (Netherlands) 

R. Kempa (United Kingdom) 

W. A. Rodewald (Poland) 


Modified roles of 


thi 
nethods of teaching chenistey samen 


ng chemistry 
M. Gardner, chairman (U.S.A ) 
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0. Boserup (Denmark) Trends in the training and retraining 
E. G. Garcia (Spain) of chemistry teachers 


E. Onkelinx (Belgium) J. Zyka, chairman (Czechoslovakia) 
W. Popiel (United Kingdom) F. R. Ferre (Lebanon) 


M. D. Robinson (United Kingdom) L. E. Frias-Bunge (Argentina) 
D. Frybova (Czechoslovakia) 


The enhanced potentialities of new M. Nazer (Jordan) 
educational technology P. Norrild (Denmark) 
M. Wiewiórowski, chairman (Poland) P. Saumagne (France) 
L. Brandt (Belgium) V. Vajgand (Yugoslavia) 
G. Germain (France) 


J. Wrobel (Poland) 
M. Gomel (France) 


S. Norris (United Kingdom) Promoti: improvements in chemical education 
M. Passer (U.S.A.) 


at the national level 
A. Rafalski (Poland) 


D. P. Den Os, chairman (Netherlands) 
B. Vanyek (Hungary) G. Garcia (Cuba) 


H. C. Helt (Denmark) 


New approaches to the design and evaluation I. B. Ivanov (Bulgaria) 
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I. Pais, chairman (Hungary) M. Oki (Japan) 
M. Feher (Hungary) M. Palfalvi (Hungary) 
E. Giesbrecht (Brazil) J. Rohleder (Poland) 
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J. V. Kingston (Ireland) 
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A. Witkowski (Poland) M. Ben Caid (Tunisia) S.S.R. 
D. Chi 
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